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'The  general  objective  of  this  project  was  to  determine  the  optimum 
processing  conditions  for  the  large  scale  conversion,  by  molding  and 
laminating  of  oriented  polyolefin  film  into  fragment  resistant  transparent 
armor  suitable  for  Army  aircraft  glazing  applications.  The  manufacturing 
process  must  produce  a  laminate  with  sufficient  adhesion  to  resist  debonding 
during  thermal  cycling  and  yet  react  as  a  laminar  structure  during  ballistic 
impact.  , 

To  accomplish  the  objectives  required  the  completion  of  the  following  six 
major  tasks. 

•  Preparation  of  reference  film  and  sheet  to  which  all  other  film 
and  sheet  could  be  compared. 

•  Effect  of  film  characteristics  including  evaluation  of  additional 
films  compared  with  the  reference  film  and  the  selection  of  film 
for  optimization. 

•  Molding  of  flat  sheet  to  optimize  the  molding  process. 

•  Protective  covers  evaluation  and  selection. 

•  Process  specifications  that  describes  the  selected  materials  and 
the  procedure  for  converting  the  film  into  molded  sheet  having 
the  desired  properties. 

•  Production  of  film  and  bonded  sheet  in  accordance  with  the 
process  specifications. 

These  tasks  were  accomplished  in  consecutive  order  so  that  a  film  material 
or  processing  condition  from  one  task  found  to  improve  transparency  and 
ballistic  performance  could  be  used  in  the  next  task. 

These  tasks  were  successfully  performed,  in  the  order  listed,  and  the  general 
objective  of  this  project  has  been  achieved.  An  optimum  process  has  been 
established,  and  in  the  process,  areas  of  further  development  have  been 
identified. 
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EXECUTIVE  SUMMARY 


This  program  has  demonstrated  the  manufacturing  technology  for  a  laminated 
polyolefin  film  transparency  yielding  ballistic  protection  equivalent  to 
polycarbonate  at  considerable  weight  savings.  Technical  requirements  met  by  this 
program  include  acceptable  levels  of  light  transmission,  haze,  interply  strength, 
surface  protection,  optical  deviation  and  ballistic  performance.  Processing 
parameter  limits  were  identified  through  statistical  designed  experimentation. 
Typical  production  transparencies  have  been  delivered  for  evaluation. 

INTRODUCTION 

In  1976,  the  Army  Materials  and  Mechanics  Research  Center,  (AMMRC),  Water- 
town,  Mass.,  contracted  with  Swedlow,  Inc.  to  determine  the  optimum  processing 
conditions  for  the  large  scale  conversion,  by  molding  and  laminating  of  oriented 
polyolefin  film,  into  fragment  resistant  transparent  armor  suitable  for  Army 
aircraft  glazing  applications. 

The  manufacturing  process  must  produce  a  laminate  with  sufficient  adhesion  to 
resist  debonding  during  thermal  cycling  and  yet  react  as  a  laminar  structure  during 
ballistic  impact.  To  maintain  the  ballistic  properties  of  the  oriented  film  requires 
that  the  manufacturing  process  not  disturb  the  orientation,  for  complete  fusion 
into  a  homogenous  mass  degrades  the  ballistic  capabilities. 

In  addition  to  supplying  the  labor  and  required  facilities,  Swedlow  applied  its 
experience  gained  as  a  fabricator  of  high-quality  aircraft  transparencies  and 
structural  laminates  to  the  development  of  the  manufacturing  technology  of 
transparent  polyolefin  armor. 

BACKGROUND 

Early  work  conducted  by  AMMRC  demonstrated  the  potential  application  of 
molded  oriented  polyolefin  as  a  fragment  resistant  transparent  armor  material. 

This  early  work  was  done  by  AMMRC  using  a  polyolefin  film  with  a  fluid 
compression  rolling  orientation  of  approximately  4.5  :  1,  (four  and  one  half  times  its 
original  length).  Such  orientation  increases  the  tensile  strength  from  approxi¬ 
mately  4800  PSI  to  33,000  PSI  in  the  machine  direction.  The  strength  in  the 
transverse  direction  is  slightly  reduced,  from  4800  PSI  to  4600  PSI. 

To  take  advantage  of  this  increased  directional  strength  of  the  oriented  film, 
successive  layers  of  the  film  are  cross-plied  at  90°.  (Reference  5). 

Results  of  the  initial  AMMRC  studies  indicated  that  molded  polyolefin  would 
provide  the  same  level  of  protection  against  the  .22  caliber  17  grain  fragment 
simulator  as  polycarbonate  at  approximately  half  the  weight  of  polycarbonate. 
Such  potential  weight  savings  is  highly  attractive  for  aircraft  applications. 
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PROCEDURE 


The  program  was  divided  into  six  major  tasks.  Each  task  was  performed  in 
consecutive  order,  as  listed,  so  that  a  film  material  or  processing  from  one  task 
found  to  improve  transparency  and  ballistic  performance  could  be  used  in  the  next 
task. 

TASK  I 

Preparation  of  Reference  Film  and  Sheet 

TASK  11  - 

Effect  of  Film  Characteristics 

TASK  III  - 

Molding  Flat  Sheet 

TASK  IV  - 

Protective  Covers 

TASK  V 

Process  Specifications 

TASK  VI  - 

Production  of  Film  and  Bonded  Sheet 

The  performance  levels  desired  for  the  oriented  polyolefin  film  and  molded  panels 
are  shown  in  Table  1.  The  test  methods  utilized  are  also  shown  in  Table  1. 

All  film  assembly  was  conducted  in  a  clean  room,  class  100,000  or  better,  in 
accordance  with  Federal  Standard  209.  Clean,  disposable,  polyethylene  gloves 
were  worn  at  all  times  when  handling  the  poiyolefin  film  or  molded  sheet. 
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TABLE  l 


FILM  AND  MOLDED  PANEL  REQUIREMENTS 


Performance  Level  Applicable  Material 


Property 

Desired 

Test  Method 

Film 

Molded  Panel 

Sonic  Modulus 

Maximum 

ASTM  F  89 

X 

or 

Orientation  Release 

Maximum 

ASTM  D  1504 

X 

Stress 

Haze 

<3  percent 

ASTM  D  1003 

X 

X 

Light  Transmission 

>85 

ASTM  D  1003 

X 

X 

Resistance  to 
Debonding 

Minimum  of  5 

Cycles  without 
Debonding 

ASTM  D  756 
(Procedure  E, 
-57C  low  tem¬ 
perature) 

X 

Thickness 

±  5  percent 

ASTM  D  374 

X 

X 

Ballistic 

Resistance  (1) 

Maximum  Ballistic 
Limit 

MIL-STD-662 

X 

Maximum  Deviation 
of  line  of  sight 

<7  minutes  of 

Arc 

ASTM  D  881-48 

X 

Interlaminar  Shear 
Strength 

None  Specified 
(2) 

To  be  selected 
by  the 

Contractor  (3) 

X 

(1)  Ballistic  resistance  determined  by  the  Government 

(2)  Although  AMMRC  did  not  specify  a  performance  level,  Swedlow  established  an  objective 
of  1000  PSI  minimum. 

(3)  The  test  method  used  is  defined  in  paragraph  4.6.9  of  MIL-P-25690  (Reference  10). 
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Task  I  -  Preparation  of  Reference  Film  and  Sheet 


The  objective  of  this  task  was  the  preparation  of  a  reference  rolled  film  and 
molded  sheet  representing  the  current  state-of-the-art.  The  results  obtained 
formed  the  basis  of  comparison  for  materials  and  processing  developed  under 
subsequent  tasks. 

Hercules  N400,  roll  oriented  by  American  Can  to  an  orientation  of  4.5:1,  was 
selected  by  AMMRC  to  be  the  reference  film.  The  film  was  furnished  to  Swedlow 
by  AMMRC. 

Table  2  shows  some  of  the  typical  properties  of  the  N400  film  before  and  after  roll 
orientation. 


TABLE  2 

TYPICAL  PROPERTIES  HERCULES  N-400  FILM 


Property 

Unoriented 

Film  Values 

Oriented^  U 

Thickness,  Inches 

0.005-0.0056 

0. 0011-0. OC 

Tensile  Strength,  PSl 

Machine  Direction 

4794 

32,620 

Transverse  Direction 

4813 

4,600 

Elongation,  Percent 

Machine  Direction 

595 

29 

Transverse  Direction 

665 

655 

Light  Transmission,  % 

91.4 

93.1 

Haze,  % 

18.4 

1.5 

(1)  Fluid  compression  rolling  orientation, 4. 5:1  reduction 

A  chase  mold  with  inside  dimensions  of  12"  x  12"  was  fabricated  in  accordance  with 
Swedlow  drawing  77050.  As  originally  built,  water  cooling  capability  was  not 
provided.  Results  of  the  first  two  moldings  indicated  a  slight  decrease  of  ha2e 
with  rapid  mold  cooling.  Therefore,  the  12"  x  12"  mold  was  redesigned  and 
modified  to  provide  for  water  cooling.  Subsequent  moldings  demonstrated  that 
rapid  cooling  of  the  mold  was  not  necessary  to  obtain  clear  moldings. 
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Preliminary  molding  trials  were  conducted  using  the  cycle  furnished  by  AMMRC. 
The  cycle  furnished  was: 

Temperature:  +325°F 

Pressure:  2000  PS1 

Time:  10  minutes  dwell 

The  following  procedure  was  established  for  initial  moldings  in  Task  1. 

o  The  film  was  laid-up,  oversize,  by  cross-plying  successive  layers  of  film 
and  then  trimmed  to  the  12"  x  12"  molding  size  with  a  power  paper 
cutter. 

o  The  cross-plied  package  was  dried,  under  vacuum,  for  6  hours  at 
+220°F. 

o  Pressure  was  applied  prior  to  heating  and  was  maintained  throughout 
the  cycle  until  the  molded  sheet  had  cooled  to  approximately  +130°F. 

The  initial  moldings  were  not  transparent.  Several  additional  molding  trials  were 
conducted,  varying  the  molding  and  drying  conditions.  All  resulted  in  moldings  or 
low  light  transmission. 

At  this  point  it  was  determined  that  there  was  no  noticeable  difference  in  the 
moldings  as  a  result  of  the  film  drying  temperature.  Therefore,  drying  the  film  at 
room  temperature,  under  vacuum,  became  the  standard. 

At  the  direction  of  the  Technical  Supervisor,  moldings  of  N600  film,  roll  oriented 
by  Revere,  were  made.  These  moldings  also  exhibited  low  light  transmission.  In 
addition,  cross-plied  samples  of  N400,  roll  oriented  by  American  Can,  were 
supplied  to  AMMRC  for  evaluation.  Since  the  moldings  produced  by  AMMRC  from 
these  cross-plied  samples  also  had  low  light  transmission,  it  was  concluded  that  the 
N400  film,  roll  oriented  by  American  Can,  was  at  fault  and  not  the  Swedlow 
processing.  Samples  of  films  and  laminates  were  submitted  by  the  Technical 
.Supervisor  to  Hercules  for  examination.  IR  analysis  showed  that  the  clear  laminate 
made  in  the  initial  work  and  believed  to  be  N400  homopolyrner  was  actually  N600 
homopolymer  (N400  designates  copolymer  film).  This  mixup  led  to  the  mistaken 
designation  of  N400  as  the  reference  film  instead  of  N6Q0.  Also,  the  3  and  10  mil 
films  labeled  N600,  rolled  by  Revere,  and  used  in  molding  trials  number  10,  12,  25, 
26  and  27  were  actually  N40Q.  (The  N600  films  rolled  by  American  Co.  were 
corectly  labeled.)  Although  the  film  designated  N40011  rolied  by  Revere  was  nut 
examined,  it  Is  suspected  that  this  is  actually  N600. 

Also  at  the  direction  of  the  technical  supervisor,  samples  oi  B-503,  a  biaxially 
oriented  film,  were  tried.  This  film  resulted  in  clear  moldings  of  high  light 
transmission. 

Molding  trials  Number  15  and  16  were  submitted  to  AMMRC  for  establishment  of 
the  reference  material  ballistic  limit.  These  moldings  were  produced  from  N400 
film,  roli  oriented  by  American  Can. 
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The  V50  limit  for  the  molded  N40Q  reference  material  was  1221  ft. /sec.  for 
Number  15  and  1238  ft./sec.  for  Number  16.  The  ballistics  tests  were  conducted  by 
AMMRC  using  caliber  .22,  17  grain  fragment  simulating  projectiles  (MIL-P-46593) 
per  MIL-STD-662A  except  for  the  averaging  of  6  rounds  instead  of  10  within  a 
spread  of  125  ft/sec.  for  the  V50  ballistics  limit  velocity. 

The  moldings  produced  in  Task  I  were  Numbers  1  through  16.  A  summary  of  the 
Task  I  molding  trials  is  contained  in  Appendix  A.  The  actual  molding  cycles  are 
contained  in  Appendix  B  as  Figures  1-1  through  1-5.  The  light  transmission  of  the 
N400  moldings  ranged  from  a  low  of  12%  to  a  high  of  56%.  Appendix  C  contains 
the  individual  light  transmission  and  haze  readings  obtained  on  Molding  Number  14. 

Task  11  -  Effect  of  Film  Characteristics 

The  objectives  of  this  task  were  to(T)  evaluate  additional  films  and  compare  them 
with  the  reference  film,  N400,  from  Task  1;  and  select  the  one  film  for 

optimization,  that  was  found  to  possess,  overall,  the  qCalitites  required  to  produce 
transparent  polyolefin  armor  with  the  desired  performance  level. 

A  total  of  23  additional  films  were  received.  Eleven  films  were  originally  received 
and  are  shown  in  Table  3. 


TABLE  3 


TASK  D  FILMS 


Film 

Manufacturer 

Rolled  By 

N-600 

Hercules 

American  Can 

N-600  (1) 

Hercules 

Revere 

AT-61 

Crown  Zellerbach 

American  Can 

B-503 

Hercules 

(2) 

P-2102 

Toyoba 

(2) 

P-81B 

Mobil 

(2) 

N-400-1I  (3) 

Hercules 

Revere 

Capacitor 

General  Electric 

(2) 

X-207 

Cryovac 

(2) 

B-500 

Hercules 

(2) 

SK-300-2 

Trea 

(2) 

(!)  Film  identified  as  N600,  is  N400 

(2)  Biaxially  oriented  film 

(3)  Film  suspected  to  be  N600. 

An  additional  12  films,  shown  in  Table  4,  were  received  later  in  the  program. 
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TABLE  * 


TASK  H  FILMS 

Film 

Manufacturer 

Rolled  By 

EK-500 

Hercules 

(1) 

NB81-59-99-1 

Diamond  Shamrock 

Archer 

NB81-59-99-2 

Diamond  Shamrock 

Archer  (2) 

NB8 1-59-99-2 

Diamond  Shamrock 

Archer(3) 

NB81-59-99-3 

Diamond  Shamrock 

ArcheH4) 

NB8 1-59-99-3 

Diamond  Shamrock 

ArcheK5) 

NB8 1-59-99-4 

Diamond  Shamrock 

Archer 

NB81-59-99-5 

Diamond  Shamrock 

Archer 

PP-41-6300-4153 

F.l  Rexene 

Archer 

Dart  Ind. 

El  Rexene 

Archer 

4230-E 

Eastman  Tenite 

Archer 

AT-40 

Crown  Zellerbach 

Archer 

(1)  Biaxially  oriented  film 

(2)  10:1  Orientation 

(3)  12:1  Orientation 

(4)  8:1  Orientation 

(5)  6:1  Orientation 


Properties  for  all  23  films  received  in  Task  II  are  shown  in  Table  5. 
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TABLE  5 


RESULTS  OF  FILMS  RECEIVED  IN  TASK  D 


Film 

Type 

Ct  ientation 

Light 

Transmission 

(%) 

Haze 

(96) 

Thickness 

(Inches) 

N600  (1) 

Homopoiymer 

4:1 

91.9 

1.2 

0.0015 

N600  (2) 

Homopoiyrner 

3:1 

92.2 

3.7 

0.0025 

AT-61 

Homopolymer 

4:1 

92.3 

3.5 

0.001 

B-503 

Homopolymer 

(3) 

92.4 

1.3 

0.001 

P-2 102 

Homopolymer 

(3) 

92.0 

3.0 

0.002 

P-31B 

Homopoiymer 

(3) 

92.9 

4.0 

0.002 

N400II  (4) 

Copolymer 

3:1 

93.1 

4.8 

0.001 

Capacitor 

Homopoiymer 

(3) 

93.3 

5.4 

0.001 

X-207 

Homopoiymer 

(3) 

92.8 

1.7 

0.001 

B-500 

Homopoiymer 

(3) 

92.8 

1.4 

0.002 

SK-300-2 

Copolymer 

(3) 

92.4 

3.5 

0.003 

EK-500 

Homopoiymer 

(3) 

92.2 

1.3 

0.001/0.0012 

NB81 -59-99-1 

Homopoiymer 

10:1 

92.9 

15.0 

0.0025/0.0027 

NB8 1-59-99-2 

Homopoiymer 

10:1 

91.3 

9.7 

0.0025 

NB8 1-59-99-2 

Homopoiymer 

12:1 

92.8 

11.0 

0.0025 

NB8 1-59-99-3 

Copolymer 

8:1 

92.5 

6.0 

0.0035 

NB8 1-59-99-3 

Copolymer 

6:1 

92.7 

9.5 

0.0032 

NB8 1-59-99-4 

Copolymer 

8:1 

92.5 

6.5 

0.002 

NB8 1-59-99-5 

Copolymer  (5) 

8:1 

92.2 

7.2 

0.0028 

PP-41-6300-4153 

Homopoiymer 

10:1 

92.6 

10.6 

0.002/0.0028 

Dart  Ind. 

Homopoiymer 

8:1 

91.2 

22.0 

0.0035 

4230-E 

Homopoiymer 

10:1 

90.2 

12.2 

0.002 

AT-40 

Copolymer 

6:1 

92.3 

4.6 

0.0012 

(1)  Oriented  by  American  Can  (2)  Film  identified  as  N600  Homopolymer,  oriented 

by  Revere,  is  N400  Copolymer 

(3)  Biaxially  oriented  (4)  Film  suspected  to  be  N600  Homopolymer 

(5)  U.  V.  Stabilizer 

Of  these  12  additional  films,  3  were  to  be  selected  to  complete  a  total  of  14  films 
for  Task  II  evaluation.  The  12  films  were  evaluated  to  determine  which  3  should  be 
included  in  Task  II.  The  method  used  to  rate  the  films,  and  the  results  obtained, 
are  contained  in  Table  6. 
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TABLE  6 

FILM  RATING* D 


(1)  LOGIC:  Weight  Highest  value  given  to  properties  regarded  as  most  important  to  produce  a  good 
laminate  (clarity,  Min.  Haze,  etc.) 

Score  Applied  as  follows. 

(1)  lum.  Trans,  highest  rec’d  highest  score,  (2)  Haze 

Lowest  ree'd  highest  score.  (3)  film  and  roll  condition 
Subjective  Judgement  Best  appearance,  highest  score 
(4)  film  caliper  -  Thickest  film  highest  score.  (5)  Orientation 
Greatest  orientation,  highest  score 


NOTE  Ties  or  similar  values  received  same  score. 


The  three  films  selected  were  the  Diamond  Shamrock  NB81-59-99-3  with  8:1 
orientation,  the  Hercules  EK-500  and  the  El  Rexene  PP-41 -6300-4 153. 

In  addition  to  the  properties  reported  in  Table  5,  Orientation  Release  Stress  was 
determined  on  the  fourteen  Task  II  films,  plus  the  N400  Task  I  reference  film.  The 
results  of  this  testing  is  summarized  in  Table  7  for  the  fifteen  films.  The 
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^T*tLOn  ? fueaSe  StrCS5  testing  was  con^ucted  by  an  independent  test  laboratory 
and  copies  of  the  test  reports  are  contained  in  Appendix  D.  * 


TABLE  7 

RESULTS  OF  ORIENTATION  RELEASE  STRESS  TESTING 


Orientation  Release  Stress 


Film 

Maximum 

Temperature 

Attained 

(°F) 

Machine 

(Psi) 

Direction 

Transverse 

(Psi) 

N-400 

250 

838 

Nil 

N-600  (Am. Can) 

275 

435 

Nil 

N-600  (Rev.)  (I) 

250 

529 

Nil 

AT-61 

250 

552 

Nil 

B -503 

325 

289 

205 

P-2102 

318 

131 

151 

P-8  IB 

332 

174 

330 

N-400  II  (2) 

262 

469 

21.8 

Capacitor 

328 

\  f  , 

324 

X-207 

334 

499 

B -500 

335 

288 

298 

SK-300-2 

328 

486 

51.4 

EK  500 

335 

254 

290 

NB8 1-59-99-3 

276 

656 

1.2 

PP-41-6300-4153 

305 

615 

1.2 

(1) Film  identified  as  N600,  is  N400. 

(2)  Film  suspected  to  be  N600. 


!t>SSil'm™fh'iAb,y  l2,  mfhfi  by  20  were  prepared  of  each  of  the 

through  7 3/  ™  A  t0ta  of  57  moldln8  tnals  were  made  in  Task  II  (Number  17 


2 
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The  moldings  were  evaluated  for  light  transmission,  haze  and  ballistics.  The 
ballistics  testing,  to  determine  the  V50  limit,  was  conducted  by  AMMRC  as 
described  in  Task  I. 

The  average  results  obtained  are  shown  in  Table  8.  N-4G0,  the  Task  I  reference 
film,  is  included  for  comparative  purposes. 


TABLE  8 

RESULTS  OF  FILM  MOLDINGS  IN  TASK  U 


FILM 

MANUFACTURER 

MOLDED  PANEL 

LIGHT 

TRANSMISSION 

(*.) 

PROPERTIES 

HAZE 

•50  (FPS' 

N-400 

HERCULES 

12. 0-56. C 

34.3-46.0 

1221-1238 

N-600O) 

HERCULES 

17.3-62.0 

74.0-100.0 

1 C  74 

n-600(2} 

HERCULES 

37.0-91.0 

1 .0-6.0 

995 

AT-61 

CROWN  ZELLERBACH 

64.0-75.0 

34.C-46.0 

92£ 

6-503 

HERCULES 

76.0-83.0 

3. 0-8.0 

1035 

P-2102 

T0Y0BA 

78.0-83.0 

23.0-Z7  o’ 

P-61  B 

MOBIL 

72.0-74.0 

7.0-11.0 

N-400  11(3) 

HERCULES 

64.0-88.0 

11 .0-28.0 

975-1025 

CAPACITOR 

GENERAL  ELECTRIC 

79.0-32.0 

4. 0-9.0 

X-207 

CRYCVAC 

75.0-85.0 

5. 0-8.0 

B-500 

HERCULES 

32.0-84.0 

3. 0-5.0 

SK- 300-2 

TREA 

37.0-38.0 

i.C-iCC.O 

1234 

EK-500 

HERCULES 

87.0-90.0 

1 .0-4.0 

NB81 -59-99-3 

DIAM0N?  SHAMROCK 

10.0-43.0 

35.0-74.0 

975-1325 

PP-41 -6300-41 53 

EL  kE  CNE 

55.0-92.0 

11.0-44.0 

(1)  Flim  identified  as  N6U,  rolled 

by  Revere,  ;s  N4i 

(2)  Rolled  by  American  Can 


(3)  Film  suspected  to  be  N600 


A  summary  of  the  Task  11  molding  trials.  Numbers  17  through  73,  is  contained  in 
Appendix  A.  The  actual  molding  cycles  are  contained  in  Appendix  B  as  Figures  II- 1 
through  11-20. 
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The  individual  light  transmission  and  haze  readings  obtained  on  moldings  produced 
in  Task  n,  Numbers  17  through  73,  are  contained  in  Appendix  C. 

The  results  of  the  moldings  produced  in  Task  II  were  reviewed  with  AMMRC  and 
Hercules  EK-500,  a  commercially  available  biaxially  oriented  homopolymer  poly¬ 
olefin  film,  was  the  material  selected  for  optimization. 

As  can  be  seen  from  Table  8,  12  inch  by  12  inch  by  20  ounces/foot^  moldings 
produced  from  the  Hercules  EK-500  film  possessed  the  following  properties. 

Light  Transmission  >  87% 

Haze  <4.0% 

Ballistic  Resistance  Vjg  975  -  1025  feet/second  (F.P.S.) 

Typical  properties  of  the  Hercules  EK-500  film  are  shown  in  Table  9. 

TABLE  9 

TYPICAL  PROPERTIES  HERCULES  EK-500  FILM 


PROPERTY 

VALUE 

SPECIFIC  GRAVITY 

0.902 

TENSILE  STRENGTH.  PSI 

30,000  MACHINE  AND 
DIRECTIONS 

TENS!'  F  MODULUS.  PSI 

350,000  MACHINE  AND 
DIRECTIONS 

ELONGATION.  S 

70-100 

LIGHT  TRANSMISSION,  t 

72.0 

HAZE,  5 

■  2.0 

WATER  ABSORPTION,  i 

<  0.005 

THICKNESS,  INCHES 

0.001 

Task  ID  -  Molding  Flat  Sheet 

The  objective  of  this  task  was  the  optimization  of  the  molding  parameters  to 
convert  the  oriented  EK-500  film  into  fragment  resistant  transparent  armor. 


Sufficient  EK-500  film  was  purchased  to  complete  the  contract.  The  light 
transmission,  haze  and  orientation  release  stress  was  determined  on  the  purchased 
film.  The  results  obtained  are  shown  in  Table  10.  The  orientation  release  stress 
testing  was  conducted  by  an  independent  test  laboratory  and  a  copy  of  the  test 
report  is  contained  in  Appendix  D. 


TABLE  10 

EK-500  FILM  PROPERTIES 


Property  Result 

Average  Light  Transmission  (%)  93.7 

Average  Haze  (%)  2.2 

Orientation  Release  Stress 

o  Maximum  Temperature  Attained  (°F)  324 

o  Average  PSI,  Machine  Direction  214 

o  Average  PSI,  Transverse  Direction  156 


Prior  to  the  process  optimization,  a  study  was  conducted  to  determine  if  cross- 
plying  of  the  EK-500  was  necessary,  since  the  EK500  film  is  biaxially  oriented.  As 
previously  discussed,  cross-plying  of  the  uniaxially  oriented  polyolefin  film, 
(~4.5:1),  was  found  to  be  necessary  to  take  advantage  of  the  increased  tensile 
strength  produced  by  the  orientation. 

Six  moldings,  (Trial  Numbers  74  through  79),  12  inches  by  12  inches  by  20 
ounces/foot*,  of  cross-plied  and  non-cross-plied  EK-500  film  were  produced  and 
the  ballistic  limits  determined  by  AMMRC.  It  was  concluded  that  there  was  no 
noticeable  difference  between  the  cross-plied  and  non-cross-plied  EK-500  film. 
Therefore,  cross-plying  of  the  EK-500  film  was  not  required. 

To  optimize  the  molding  parameters  for  the  EK-500  film,  an  experimental  plan  was 
prepared  utilizing  the  Box-Behnken  method  for  variables  (Reference  8). 

The  Box-Behnken  design  for  the  variables  consists  of  twelve  edge  points  all  lying  on 
a  single  sphere  about  the  center  of  the  experimental  region,  plus  three  replicates 
of  the  center  point.  The  Box-Behnken  experimental  plan  establishes  the  para¬ 
meters  considered  optimum. 

The  range  of  parameters  evaluated  to  optimize  the  molding  process  are  as  follows: 
Temperature:  300°F,  330°F,  360°F 

Pressure:  100  psi,  1550  psi,  3000  psi 

Time:  1  minute,  30  minutes,  60  minutes 
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Included  as  Figure  1,  is  the  Box-Behnken  design  which  depicts  the  parameters 
established  to  determine  the  optimum  processing  cycling. 


U  uv-n 
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iOO 

1550 

"%Ooo 

MlNUT«3 

1 

(=>o 

FIGURE  I 

BOX-BEHNKEN  DIAGRAM 
PARAMETERS  ESTABLISHET  fO 
DETERMINE  OPTIMUM  PROCESSING  CYCLE 


Included  in  Appendix  E,  is  a  copy  of  Swedlw,  Inc.  Engineering  Report  No.  948 
"Test  Procedure  for  Determining  the  Optimum  Processing  Condition  for  Transpar¬ 
ent  Polyolefin  Film  Armor". 

A  total  of  20  moldings,  (Trial  Numbers  80  through  99),  12  inches  by  12  inches  by  20 
ounces/foot^,  were  prepared  in  accordance  with  Report  No.  948.  Of  these,  i6  were 
submitted  to  AMMRC  for  determination  of  the  V50  limit. 

The  results  of  the  light  transmission  and  haze  of  all  20  moldings,  as  well  as  the  V50 
limit  of  the  16  moldings,  are  shown  in  Table  11.  In  addition,  the  conditions  used  for 
each  of  the  20  moldings  is  included. 

Figure  2  is  the  Box-Behnken  design  which  depicts  the  results  obtained  on  the 
parameters  established,  (light  transmission,  haze  and  ballistic  limit). 
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{ 1 )  Run  number  as  established  by  experimental  Plan  Report  No.  948 

(2)  Melted  at  352^. 

(3)  Not  tested  for  V50 
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FIGURE  2 

BOX-BEHNKEN  DIAGRAM 
RESULTS  OF  PROCESSING  VARIABLES 

Of  the  4  moldings  not  baiilst ically  tested,  three  were  evaluated  for  preliminary 
resistance  to  debonding  in  accordance  with  ASTM  D-756  procedure  E(-57°C  low 
temperature).  The  edges  of  the  moldings  were  machined  to  remove  edge 
delaminations.  The  moldings  were  measured  prior  to  each  cycle  and  were  obser/ed 
for  debonding  at  the  completion  of  each  cycle.  The  detailed  results  are  contained 
in  Table  12. 
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TABLE  12 


RESULTS  OF  R5ISTANCE  TO  DEBONDING 
TESTING  PER  ASTM  D-756,  PROCEDURE  E(-57°C) 


PANEL 

NO.  81  (330 

°F,  1  S50 

PSI ,  33  MIN. ) 

Wei gnt 

Wioth 

Length 

Thickness 

(In.; 

Condition 

(6ms ) 

(Ins) 

( Ins) 

Ctr . 

1 

2 

3 

a 

Original 

473.  7 

10.83 

10.75 

.278 

.269 

.275 

.275 

.265 

first  Cycle 

474.1 

1C. 73 

10.69 

.281 

.267 

.273 

.279 

.270 

Second  Cycle 

474.0 

10.73 

10.69 

.282 

.268 

.278 

.279 

.271 

Third  Cycle 

474. 1 

10.72 

10.67 

.283 

.269 

.278 

.281 

.270 

fourth  Cycle 

473.3 

10.  S9 

10.56 

.288 

.275 

.284 

.287 

.275 

fifth  Cycle 

473.9 

10.01 

10.56 

.288 

.274 

.284 

.287 

.2  76 

NOTE:  Very 

slight 

edge  debonding  after 

the  fifth 

cycle. 

PANEL 

NO.  ?8  ' 3 

Lj°F,  3000 

PSI .  30 

MIN. ) 

weight 

Width 

Length 

Thickness 

( Ins . ) 

Condi tion 

(Gms ) 

(Ins) 

(ins) 

Ctr 

1 

2 

3 

4 

Original 

503.4 

10.95 

11.91 

.263 

.  :61 

.252 

.243 

.254 

f i rst  Cycle 

503.5 

10.91 

11.83 

,2'4 

.263 

.254 

.245 

.  25c 

Second  Cycle 

503.5 

10.89 

11.88 

.'i  4 

.264 

.255 

.246 

.256 

Third  Cycle 

503.4 

1C.C3 

11.86 

.264 

.263 

.254 

.245 

.257 

fourth  Cycle 

503  4 

10.36 

11 .51 

.266 

.264 

.256 

.248 

.259 

fifth  Cycle 

503.3 

10.86 

11.33 

.265 

.264 

.256 

.249 

.259 

NOTE:  Edge  delamination  ana  warpage  after  first  cycle 


TABLE  12  (CONT’D) 


Condi tion 

PANEL  NO.  92  (330°F,  500  PSI 

Weight  width  Lenqth 

(Girtr, )  l  Ins )  (!ns) 

.  60 

Ctr 

UN.) 

Thickness 
1  2 

(Ins.) 

3 

4 

Original 

517.1 

10.69 

11.80 

.276 

.275 

.277 

.267 

.267 

First  Cycle 

516.4 

10.64 

11.72 

.278 

.278 

.278 

.268 

.269 

Second  Cycle 

516.4 

10.64 

11.70 

.279 

.278 

.2  79 

.270 

.270 

Third  Cycle 

516.3 

10.64 

11.69 

.278 

.277 

.278 

.269 

.271 

Fourth  Cycle 

516.2 

10.53 

11.56 

.292 

.280 

.286 

.276 

.285 

Fifth  Cycle 

516.4 

10.53 

11  .55 

.291 

.289 

.287 

.27  n 

.  2S4 

NOTE:  Cdge 

aelaminat- 

ion  and  warpage  after 

first 

cycle 

Location  of  thickness  readings  (all  panels) 


i 

4 


i 


x  2. 

— T£. 


Based  on  the  light  transmission,  haze  and  ballistic  limit  results  contained  in  Figure 
2  and  Table  11,  the  preliminary  resistance  to  debonding  contained  in  Table  12  and 
moldings  of  EK-500  produced  in  Task  11,  the  following  was  selected  as  the  optimum 
cycle. 


Temperature: 

Pressure: 

Time: 


v330°F 
2000  psi 
30  Minutes 
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A  typical  molding  cycle,  time  versus  temperature,  is  illustrated  in  Figure  3. 


CYCLE  TIME  (MINUTES) 

FIGURE  3 

TYPICAL  MOLDING  CYCLE 


An  additional  21  moldings,  Trial  Numbers  100  through  120,  12  inches  by  12  inches 
by  20  ounces/foot^,  were  prepared  using  the  processing  cycle  selected  as  the 
optimum.  These  moldings  were  utilized  for  testing  to  the  requirements  established 
for  molded  polyolefin  film  armor  (Table  1  of  Task  I).  Some  of  the  moldings,  (// 107, 
108,  109,  110,  1  13  and  114),  exhibited  high  haze,  originally  thought  to  be  due  to 
excessive  moisture.  However,  it  was  subsequently  determined,  in  Task  IV,  to  have 
been  caused  by  localized  hot  spots  in  the  molding  tool. 

The  following  tests  were  conducted  by  Swedlow,  Inc.  on  the  moldings  prepared  in 
Task  III  using  the  optimum  processing  cycle. 

c  Light  transmission  and  haze 

o  Thickness 


5 


-4, 

u 


‘i 


21 


o  Deviation  of  line  of  sight 

o  Interlaminar  shear  strength 

o  Bond  tensile  strength 

o  Resistance  to  debonding 

Additional  moldings  were  prepared  using  the  optimum  processing  cycle  and 
submitted  to  AMMRC  for  ballistics  testing. 

The  results  of  the  Swedlow  testing  is  as  follows: 

o  Light  Transmission  and  Haze 

Test  procedure:  ASTM  D-1003 

The  minimum  to  maximum  range  of  light  transmission  and  haze  for  trial 
numbers  100  through  120  are  contained  in  Table  13. 
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TABLE  13 


LIGHT  TRANSMISSION  AND  HAZE 
TESTING  AT  ♦75°F  PER  ASTM  D-1003 


Trial 

Number 

Light 

Trans (%) 

Haze 

(%) 

100 

72.3/83.3 

2.5/9. 1 

101 

74.3/83.4 

3 .7/6.7 

102 

79.5/84.9 

3.5/6. 8 

103 

80.1/84.5 

2. 1/4.6 

104 

78.6/82.9 

3.0/5 .0 

105 

78.5/83.3 

2.4/5. 7 

106 

77.8/82.7 

3.2/5. 7 

107 

81.1/85.0 

3.0/11.9 

108 

79.3/86.2 

4.0/25.7 

109 

81.3/86.7 

2.6/12.9 

no 

62.7/82.7 

4.3/91.3 

Trial 

Number 

Light 

Trans  (%) 

Haze 

(%) 

111 

77.5/84.7 

3.4/ 5.9 

112 

79.7/84.4 

1. 6/4.9 

113 

72.2/85.1 

4.1/63.9 

114 

75.8/84.9 

2.9/56.6 

115 

81.4/86.9 

0.9/3.8 

116 

82.1/86.0 

2.2/4.6 

117 

82.3/84.6 

1. 3/4.5 

118 

82.7/85.9 

2. 5/6. 7 

119 

81.6/85.0 

2.6/4.9 

120 

81.7/84.8 

2.3/4.8 
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o  Thickness 


Test  Procedure:  ASTM  D-374 

Trial  Numbers  105,  116,  118  and  120  were  selected  for  determination  of 
thickness. 

Table  14  contains  the  results  obtained. 


TABLE  14 
THICKNESS 

TESTED  AT  +75%F,  PER  ASTM  D-374 


panel 

THICKNESS 

(INCHES) 

AVERAGE 

NUMBER 

1 

2 

3 

4 

5 

THICKNESS  ( 

105 

.280 

.265 

.271 

.291 

.248 

.271 

116 

.281 

.247 

.29! 

.276 

.261 

.271 

no 

.275 

.276 

.261 

.279 

.252 

.269 

120 

.279 

.256 

.281 

.274 

.253 

.270 

PANEL 

THICKNESS  variation 

NUMBER 

(INCHES) 

. (?) 

105 

♦.020, -.023 

+7, 4, -8. 5 

116 

+.020.- .024 

+  7.4.-8.9 

118 

+  .010, -.017 

+3.7.-6.3 

120 

+  .011, -.014 

+4.1.-5.2 

LOCATION  OF  THICKNESS  REAOINGS  (ALL  PANELS) 
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o  Deviation  of  Line  of  Sight 

Test  Procedure:  ASTM  D-881-48. 

Trial  Numbers  105,  116,  118  and  120  were  also  selected  for  deter¬ 
mination  of  deviation  of  line  of  sight. 

Table  15  cc. .tains  the  results  obtained. 

TABLE  15 

MAXIMUM  DEVIATION  OF  LINE  OF  SIGHT 
TESTED  PER  ASTM  D-881-48 


PANEL 

NUMBER 

HORIZONTAL/ 

vertical* 11 

i 

2 

3 

4 

5 

6 

ANGULAR  DEVIATION 

7  8  9 

(MINUTES)  P£R  lOCATKJN 

10  11  12  13 

14 

_ ]im_ 

16 

10S 

H 

-9 

-10 

-7 

-6 

-1 1 

-9 

-7 

-5 

-13 

-8 

-6 

-5 

-10 

-8 

-7 

-5 

V 

-5 

-5 

-5 

-3 

-4 

-5 

-5 

-3 

0 

0 

0 

+5 

‘4 

‘3 

105 

H 

♦5 

♦  7 

*5 

+4 

♦  3 

♦4 

♦3 

♦2 

♦  i 

0 

-1 

-1 

-3 

-3 

.  2 

-2 

(Rotated  90“ ) 

V 

-8 

-9 

-6 

-2 

-10 

-10 

-6 

-5 

-10 

-10 

-5 

-5 

•10 

•10 

-6 

■5 

116 

H 

-6 

-A 

♦  1 

‘3 

♦7 

-3 

‘2 

♦6 

-6 

“4 

*]_ 

♦5 

-5 

•3 

‘2 

♦  i 

V 

-10 

-10 

-n 

-11 

-10 

-11 

-10 

-8 

-5 

-5 

•7 

-3 

-1 

-0 

-6 

-5 

116 

H 

‘10 

‘11 

♦15 

‘13 

♦6 

‘11 

‘10 

‘9 

♦C 

♦4 

‘3 

♦  7 

♦  6 

♦  1 

*4 

‘6 

(Rotated  90“ ) 

V 

-6 

-5 

-1 

-2 

-7 

-6 

0 

‘3 

-6 

-6 

-1 

‘2 

-5 

-5 

-1 

♦  2 

118 

H 

-9 

-6 

-4 

-2 

-10 

-7 

•  4 

-1 

-1C 

-6 

-2 

-1 

-10 

-3 

-3 

V 

0 

-2 

-2 

0 

-2 

-3 

-2 

-1 

♦2 

♦  1 

0 

♦4 

*5 

-5 

+5 

‘8 

118 

H 

0 

0 

0 

‘4 

-1 

‘3 

♦2 

♦  1 

-2 

C 

-1 

-7 

-5 

-5 

-4 

(Rotated  90°) 

V 

-8 

-7 

-4 

-2 

-10 

-7 

-4 

-1 

-10 

-7 

-3 

0 

-8 

-7 

-4 

-2 

120 

h 

-7 

-4 

‘1 

♦1 

-10 

-6 

0 

+1 

-7 

-2 

♦  1 

+  1 

-  3 

-1 

♦  1 

0 

V 

•  7 

-9 

-8 

-11 

-6 

-3 

-8 

-  7 

-5 

-1 

-4 

-i 

-2 

-2 

I2G 

H 

‘7 

‘8 

♦  11 

♦  10 

♦  4 

‘5 

♦5 

‘6 

♦2 

*5 

‘3 

♦3 

‘3 

v2 

♦2 

♦  1 

(Rotated  90°) 

V 

-7 

-5 

0 

♦1 

-8 

-7 

0 

♦2 

-8 

-6 

0 

♦2 

-  7 

-5 

0 

0 

Notes;  (1)  HORIZONTAL  -  Readings  left  or  right  Of  the  vertical  zero  line,  intersecting  the  horizontal  zero  line. 

VERTICAL  -  Readings  above  or  below  the  horizontal  zero  line,  intersecting  the  vertical  zero  line. 


LOCATION  OF  READINGS  (ALL  PANELS} 


+ 


hoe  i  zoM  t/v_ 

ZE.ec:  UNE 
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o  Interlaminar  Shear  Strength 


Test  Procedure:  Military  Specification  M1L-P-25690,  Paragraph  4.6.9 

The  specimen  configuration  used  for  determination  of  interlaminar 
shear  strength  is  shown  in  Figure  4. 


TEST  SPECIMEN  CONFIGURATION 
INTERLAMINAR  SHEAR  STRENGTH 

FIGURE  4 


Trial  Numbers  101,  III,  and  114  were  selected  for  interlaminar  shear 
strength  testing.  Trial  Number  114  was  included  in  this  determination 
because  of  the  presence  of  high  haze. 

Table  16  contains  the  results  obtained. 
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TABLE  16 


INTERLAMINAR  SHEAR  STRENGTH 

TESTING  AT  +75*F  PER  MILITARY 
SPECIFICATION  MIL-P-2569C,  PARAGRAPH  *.6.9 


panel 

SPECIMEN 

INTERLAMINAR 

NUMBER 

NUMBER 

SHEAR  STRENGTH  (PSI) 

101 

1 

1751 

2 

1713 

3 

1781 

4 

1367 

S 

1685 

Average : 

1659 

111 

1 

1689 

2 

1456 

3 

1572 

4 

1517 

S 

1795 

Average : 

1606 

114 

1 

980 

2 

947 

3 

1168 

4 

638 

5 

1024 

Average : 

951 

Although  the  high  haze  panel,  (No.  114),  had  approximately  forty'  oercent  less 
interlaminar  shear  strength  than  the  panels  without  high  haze,  (No.  i G 1  and  111), 
the  average  of  551  PSI  wis  very  close  to  the  original  target  value  of  1C00  PS1  as 
specified  in  our  proposal  7 5-030 i ,  paragraph  2.4. 

The  panels  without  the  high  haze  had  average  interlaminar  shear  strengths  of  1606 
and  1659  PSI,  well  above  the  original  target  value  of  1000  PSI. 

o  Bond  Tensile  Strength 

2n  addition  to  tne  interlaminar  shear  strength,  bond  tensile  strength  was 
also  determined  on  molding  trial  numbers  101 ,  111,  and  114. 
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The  specimen  configuration  used  for  determination  of  bond  tensile 
strength  is  shown  in  Figure  5.  Backup  material  was  bonded  to  the 
molded  polyolefin  test  specimens  to  accommodate  the  test  fixture. 


l.oo 

i 


TEST  SPECIMEN  CONFIGURATION 
BOND  TENSILE  STRENGTH 

FIGURE  5 


Testing  was  accomplished  at  +7>°F  at  a  loading  rate  of  200 
pounds/minute. 

Table  17  contains  the  results  obtained. 


28 


TABLE  17 


BOND  TENSILE  STRENGTH 
TESTING  AT  +75“F 


PANEL 

SPECIMEN 

BONO  TENSILE 

NUMBER 

NUMBER 

STRENGTH  (PSD 

TYPE  FAILURE 

101 

1 

137 

FaTIure  ot 

2 

148 

adhesive  tc 

3 

150 

backup 

4 

170 

5 

159 

Average • 

15S 

111  1 

141 

Failure  of 

2 

169 

adhesive  lo 

3 

153 

backup 

4 

166 

5 

1 33 

Average : 

153 

114  1 

49 

Cohesive 

2 

44 

fai  1  ure  of 

3 

51 

lami nation 

4 

40 

5 

_55 

Average : 

48 

The  bond  tensile  strength  exhibited  similar  results  to  the  interlaminar 
shear  strength.  The  high  haze  panel  had  approximately  seventy  percent 
less  bond  tensile  strength  than  the  panels  without  high  haze. 

o  Resistance  to  Debonding 

Test  Procedure:  nSTM  D-756,  Procedure  E  (-57 °C) 

Trial  numbers  102,  106,  and  115  were  selected  for  resistance  to 
debonding. 

Very  slight  edge  delamination  was  observed  after  the  first  cycle  on  two 
of  the  three  panels.  The  third  panel  did  not  exhibit  any  delamination. 
There  was  no  change  to  any  of  the  panels  at  the  completion  of  the  five 
cycles. 
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The  detailed  results  of  the  debonding  testing  are  contained  in  Table  18. 
Table  19  contains  the  luminous  transmittance  and  haze  of  the  three 
panels  after  completion  of  the  resistance  to  debonding  tests. 


TABLE  18 

RESULTS  OF  RESISTANCE  TO  DEBONDING 
TESTING  PER  ASTM  D-756,  PROCEDURE  E(-57°C) 

PANEL  NO .  102 


Condition 


Condition 


Weight  Width 

(GMS)  (INS) 


length 

UNS)_ 


Ct  r _ 1 


Thicknesi  (INS) 


Ori ginal 

570.3 

11.89 

11.92 

.276 

.292 

.257 

.286 

.273 

First  Cycle 

570.1 

11.80 

11.86 

.279 

.246 

.262 

.230 

.278 

Second  Cycle 

569.3 

11.83 

11 .84 

.278 

.246 

.262 

.290 

.278 

Third  Cycle 

570. 1 

11.83 

11 .86 

.278 

.246 

.262 

.289 

.279 

Fourth  Cycle 

571.5 

11.86 

11.86 

.278 

.246 

.262 

.  2SC 

.279 

Fifth  Cycle 

570.2 

11.33 

1 1 .86 

.27$ 

.247 

.262 

.290 

.278 

PANEL  HQ.  106 


Weight  Width 
(GMS)  (INS) 


length 
(INS;  _ 


Ctr.  1 


Thickness  (INS) 


Ori  ginal 

567.2 

11.89 

11.91 

.275 

.244 

.259 

.287 

.267 

Fi  rst  Cycle 

567.1 

W .  81 

11 .84 

.277 

746 

.261 

.292 

.269 

Second  Cycle 

566.9 

11  .81 

11.33 

.278 

.246 

.261 

.292 

.270 

Third  Cycle 

567.2 

11.81 

11.33 

.277 

.246 

.252 

.292 

.269 

Fourth  Cycle 

567.  7 

11.81 

11.33 

.276 

.246 

.26’ 

.292 

.269 

Fifth  Cycle 

567.3 

11.81 

1 1 . 84 

.277 

.246 

.261 

.292 

.270 

NOTF:  VERY  SLIGHT  EDGE  DELAMINATION  AFTER  FIRST  CYCLE 
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TABLE  IS  (CONTD) 


Condi ti on 
Original 
First  Cycle 
Second  Cycle 
Third  Cycle 
Fourth  Cycle 
Fifth  Cycle 

NOT- : 


PANEL  NO.  115 


Weight  Width  Length  Thickness  (INS) 

( GMS )  (INS)  (INS) _ Ctr.  1  2  3  A 


570.1 

11 

.89 

11 

.89 

.278 

.241 

.253 

.287 

.274 

570.1 

11 

.83 

11 

.89 

.280 

.246 

.257 

.291 

.278 

569.7 

11 

.33 

11 

.39 

.280 

.246 

.257 

.290 

.278 

57C.4 

11 

.81 

11 

.88 

.280 

.246 

.257 

.291 

.278 

566.8 

11 

.81 

11 

.39 

.280 

.246 

.256 

.291 

.278 

570.0 

11 

.81 

11 

.89 

.280 

.246 

.257 

.291 

.278 

VEST  SUGHT  edge  DELAMINATiON  after  first  cycle 


LCCATIvN  -JF  THICKNESS  READINGS 
(ALL  PANELS) 
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TABLE  19 


LIGHT  TRANSMISSION  AND  HAZE 
AFTER  RESISTANCE  TO  DEBONDING 
TESTING  AT  +75*F  PER  ASTM  D-1003 


Panel 

Number 

1 

locat: 

2 

[ON  OF 

READING 

<1 

5 

102 

LT  » 

79.6 

80.1 

78.  3 

78.5 

79. 4 

H  » 

3.6 

3.0 

3.7 

3.9 

3.2 

106 

IT  = 

80.7 

80.? 

79.1 

79.2 

79.2 

H  = 

3.9 

4.0 

4.6 

3.9 

4.0 

115 

LT  * 

83.2 

82.8 

81.3 

81.5 

81.  S 

H  * 

2.9 

2.9 

3.8 

3.0 

2.8 

Location  of  light 
transmission  and 
haze  readings 


The  molded  polyolefin  armor  experienced  a  light  transmission  loss  of  0.2  to  2.5% 
and  an  increase  of  haze  of  0.5  to  1.4%,  as  a  result  of  the  debonding  testing. 

Previous  studies  have  shown  that  interlaminar  adhesion  sufficient  to  resist  debond¬ 
ing  is  required,  but  complete  fusion  into  a  homogenous  mass  is  undesirable. 
Resolution  of  these  apparently  conflicting  requirements  was  accomplished  under 
Task  III  efforts. 


A  summary  of  the  Task  III  molding  trials,  Numbers  74  through  120,  is  contained  in 
Appendix  A. 

The  actual  molding  cycles  are  contained  in  Appendix  B  as  Figures  I1I-I  through  III- 
34. 

The  individual  light  transmission  and  haze  readings  obtained  on  each  of  the 
moldings,  trial  numbers  74  through  120,  are  contained  in  Appendix  C. 

Attached  as  Table  20  are  the  results  obtained  on  Task  III  moldings,  and  are 
compared  to  the  original  program  objectives. 


TABLE.  20 

RESULTS  OF  EK-500  PANELS  MOLDED 
USING  OPTIMUM  CONDITIONS 


Property 

Result 

Original  Objective 

Light  Transmission  (1) 

74.3  to  86.9% 

>  85.0% 

Haze  (1) 

0.9  to  6.8% 

<  3.0% 

Resistance  To 

Debonding 

1  panel  no  debonding, 

5  cycles  (#102) 

Minimum  of  5  cycle: 
without  debonding 

1  panel,  very  slight 
debonding  alter 

5th  cycle  (#81) 

(-0.060  In) 

2  panels,  very  slight 
debonding  after 

1st  cycle,  (-0.060  In) 

No  change  after  5 
cycles  (#106  <Sc  115) 

Thickness  Tolerance 

(+)  3.7  to  7.4% 

(-)  5.2  to  8.9% 

+  5.0% 

Maximum  Deviation 
of  Line  of  Sight 

0  to  10  minutes  of  arc 

<■  7  minutes  of  arc 

Interlaminar  Shear 

Strength 

951  to  1659  psi 

>  1000  psi 

Ballistic  Resistance 

975  to  1025  FPS 

Maximum 

v50 

(l)Moldings  with  high  haze  not  included. 
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The  original  contractual  requirement  specified  that  the  polyolefin  panels  were  to 
be  molded  "net"  to  prevent  delamination  induced  by  a  machining  opeation.  Cutting 
to  dimensions  would  be  permitted  if  it  was  demonstrated  that  such  cutting  resulted 
in  no  edge  delamination. 

During  the  Task  III  effort  it  was  determined  that  molded  polyolefin  panels  could  be 
machined  without  causing  delamination.  Figure  6  shows  a  typical  panel  machining 
operation.  To  prevent  delamination,  a  0.125  inch  thick  sheet  of  acrylic  is  placed  on 
each  side  of  the  molded  panel.  Sufficient  pressure  is  applied  to  prevent  slippage. 
Routing  is  then  accomplished  with  an  18,000  RPM  hand  held  router  using  a  0.500 
inch  diameter,  two  flute  carbide  inlaid  router  bit.  As  long  as  the  router  bit  was 
kept  sharp,  there  was  no  delamination. 


PANEL  MACHINING  PROCEDURE 
FIGURE  6 
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Task  IV  -  Protective  Covers 


The  objective  of  this  task  was  the  selection  and  evaluation  of  materials  to  be  used 
as  protective  covers  for  the  molded  polyolefin  panels. 

In  its  current  form,  polyolefin  lacks  good  resistance  to  ultraviolet  exposure  and  is 
not  recommended  for  continuous  outdoor  use. 

Polyolefin  material,  like  polycarbonate,  requires  surface  protection  when  subjected 
to  outdoor  exposure. 

Many  films  and  sheet  materials  were  considered  for  possible  application  as 
protective  covers.  In  order  to  keep  the  overall  weight  of  the  composite  to  » 
minimum,  the  following  materials  were  selected  for  evaluation  in  Task  IV. 

o  Diamond  Shamrock  film  number  NB-81-59-99-5,  U.V.  stabilized.  Nom¬ 
inal  thickness  0.0028  inches. 

o  Polyvinyl  Fluoride  (PVF)  Film,  U.V.  stabilized.  "Tedlar"  from  DuPont. 
Nominal  thickness  0.001  inches. 

o  Polymethylmethacrylate  (Acrylic)  Film,  U.V.  stabilized.  "Korad"  from 
Korad,  Inc.  a  subsidiary  of  Georgia-Pacific  Corp.  Nominal  thickness 
0.003  inches. 

o  Abrasion  Resistant  Coating  (A.R.C.). 

A  total  of  17  moldings,  Trial  Numbers  121  through  137,  12  inches  by  12  inches  by 
20  ounces/foot^,  were  prepared  in  Task  IV. 

Trial  Numbers  121,  122,  124,  and  126  were  molded  with  Diamond  Shamrock  film 
NB-81-59-99-5  (U.V.  stabilized)  on  the  exterior  surface(s)  as  follows: 

Trial  Nos.  121  and  122  Two  plies  on  each  surface 

Trial  Nos.  124  and  126  On  ply  on  one  surface  only 

The  addition  of  the  Diamond  Shamrock  film  resulted  in  moldings  of  excessive  haze. 
Moldings  with  two  plies  of  film  on  each  surface  had  average  haze  values  of  32.3 
and  29.6  percent,  and  the  moldings  with  one  ply  film  on  one  surface  only  had 
average  haze  values  of  14.2  and  14.5  percent. 

Because  of  the  resulting  high  haze,  the  Diamond  Shamrock  film  was  deleted  from 
the  program. 

Trial  Number  127  was  molded  with  Tedlar  (PVF)  film  or  each  surface.  The  Tedlar 
film  would  not  bond  to  the  polyolefin  film  during  the  molding  cycle.  One  molding 
was  tried,  no  trial  number,  with  Tedlar  (PVF)  and  Korad  (Acrylic)  film  on  each 
surface.  As  with  Trial  Number  127,  the  film  material  would  not  bond  to  the 
polyolefin  film  during  the  molding  cycle. 
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Because  the  Ted'.ar  and  Korad  Films  would  not  bond  to  the  molded  polyolefin,  it 
was  decided  to  laminate  the  film  to  the  polyolefin  with  an  interlayer.  Preliminary 
studies  indicated  fair  adhesion  could  be  achieved  with  Polyvinyl  Butyrai  (PVB)  or 
Silicone. 

Six  moldings,  Trial  Numbers  112,  118,  120,  128,  129  and  130  were  utilized  for 
application  of  protective  covers,  with  an  interlayer.  Trial  Numbers  1 1 8  and  120 
were  surfaced  on  both  sides  with  an  acrylic  film,  (Korad),  0.003  inches  thick, 
bonded  to  the  molded  EK-500  with  Polyvinyl  Butyrai  (PVB).  The  adhesion  was  fair. 
During  lamination  of  Trial  No.  120,  the  glass  caul  broke  on  one  side,  with 
considerable  glass  adhering  to  the  composite. 

Triai  Numbers  112  and  128  were  surfaced  on  both  sides  with  a  polyvinyl  fluoride 
film  (Tedlar),  0.001  inches  thick  bonded  to  the  molded  EK-500  with  PVB.  The 
adhesion  was  fair,  although  incomplete  bonding  was  encountered.  Trial  Numbers 
129  and  130  were  surfaced  on  both  sides  with  the  Tedlar  Film,  0.001  inches  thick, 
bonded  to  the  molded  EK-500  with  Swedlow  Silicone.  Although  the  adhesion  was 
better  than  that  obtained  with  the  PVB,  the  Tedlar  film  developed  wrinkles  during 
the  laminating  cycle. 

Light  transmission  and  haze  was  measured  on  the  six  surfaced  moldings  and  the 
results  are  contained  in  Table  21.  The  readings  were  taken  in  areas  of  the 
composite  to  avoid,  as  much  as  possible,  unbonded  areas,  etc.  A  comparison  of  the 
data  was  made  with  the  molded  panels  prior  to  surfacing. 


TABLE  21 


LIGHT  TRANSMISSION  AND  HAZE 
OF  PANELS  WITH  PROTECTIVE  COVERS 
TESTING  AT  +75°F  PER  ASTM  D-1003 

KORAD/PVB  PROTECTIVE  COVERS 


Panel  Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

(1) 

118  LT  = 

80.9 

80.3 

79.8 

80.2 

79.5 

79.5 

79.4 

79.6 

80.0 

82.7/85.9 

H  = 

9.3 

8.4 

9.1 

8.9 

7.4 

7.9 

8.5 

8.7 

8.4 

2. 5/6. 7 

120  LT  = 

76.1 

— 

• 

77.6 

_ 

78.2 

78.7 

78.4 

81  .7/84.8 

H  = 

22.2 

- 

- 

19.4 

- 

- 

14.7 

14.0 

13.7 

2. 3/4. 8 

TEDLAR/PVB  PROTECTIVE  COVERS 

112  LT  = 

81.1 

78.4 

77.9 

80.0 

77.9 

77.9 

79.0 

77.9 

76.5 

79.7/84.4 

H  = 

14.0 

18.1 

15.4 

16.0 

16.0 

15.8 

14.2 

15.8 

14.6 

1 .6/4.9 

128  LT  = 

83.0 

82.7 

82.2 

82.6 

81.6 

80.3 

81.3 

81.2 

80.6 

82.8/86.1 

H  - 

12.7 

12.7 

13.5 

13.3 

12.9 

13.4 

12.6 

12.0 

12.8 

3. 3/4. 7 

TEDLAR/SILICONE  PROTECTIVE  COVERS 

129  ^T  = 

79.8 

78.6 

78.4 

78.7 

77.1 

79.2 

77.1 

78.6 

77.4 

82.7/85.8 

H  = 

20.8 

16.5 

17.4 

17.6 

17.1 

17.9 

18.4 

17.7 

16.8 

3. 0/4. 2 

1 30  LT  = 

80.7 

78.8 

77.4 

80.5 

78.2 

77.2 

80.1 

79.3 

79.3 

82.8/86.1 

H  = 

19.7 

19.9 

24.4 

16.2 

21.5 

18.3 

17.9 

16.1 

19.9 

3. 3/4. 7 

(1)  Minimum  to  maximum  readings  of  light  transmission  and  haze  - 
prior  to  application  of  protective  covers. 


Location  of  light  transmission 
and  haze  readings 
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Molding  trials  Number  123,  125,  131  and  132  were  coated  with  Swediow  protective 
coating  S5-6590.  All  four  panels  exhibited  w^afipage,  due  to  the  method  used  to 
support  the  panels  during  cure.  The  protective  coating  had  reasonably  good 
adhesion  to  the  molded  polyolefin.  | 

Light  transmission  and  haze  was  measured  on  the  four  protective  coated  moldings 
and  the  results  are  contained  in  Table  22. 


TABLE  22 

LIGHT  TRANSMISSION  AND  HAZE 
OF  PROTECTIVE  COATED  PANELS 
TESTING  AT  +75*F  PER  ASTM  D-1003 


LOCATION  OF  READING 


Panel  Number 

l 

2 

3 

4 

5 

6 

7 

8 

9 

(1) 

123  LT 

— 

88.0 

87.2 

86.4 

85.1 

87.7 

35.5 

84.8 

84.8 

86.2 

83. 2/85. i 

H 

= 

2.6 

2.5 

2.4 

2.4 

2.4 

2.7 

2.7 

2.2 

2.2 

3. 0/4.0 

125  LT 

- 

86.2 

85.9 

86.1 

85.5 

84.8 

86.1 

86.8 

86.2 

87.5 

82.8/84.2 

H 

= 

2.3 

3.0 

2.7 

2.0 

2.0 

1 .8 

2.2 

2.2 

2.2 

2. 5/3. 2 

131  LT 

87.3 

85.0 

84.1 

82.7 

83.4 

85.6 

85.7 

83.9 

84.0 

82.6/86..' 

H 

r 

1.5 

1.3 

1.3 

1.7 

1.4 

1 .3 

1.7 

1.7 

2.0 

2. 3/4. 9 

132  LT 

— 

85.1 

83.0 

83.1 

83.2 

82.4 

84.8 

85.5 

84.4 

84.2 

81.0/84.9 

H 

2.3 

5.4 

2.9 

2.3 

5.2 

1  .8 

1.6 

1.8 

1.7 

3. 1/6.2 

(1)  Minimum  to  maximum  readings  of  light  transmission  and  haze  - 
prior  to  application  of  protective  coating. 


Location  of  light  transmission 
and  haze  readings 


38 


All  the  molded  polyolefin  panels  with  Korad  and  Tedlar  protective  covers  experi¬ 
enced  a  decrease  in  light  transmission  and  an  increase  in  haze,  whereas  ail  the 
molded  polyolefin  panels  with  the  protective  coating  experienced  an  increase  in 
light  transmission  and  a  decrease  in  haze. 

Five  molded  polyolefin  panels,  12  inches  by  12  inches  by  20  ounces/foot^,  with 
surface  protection,  were  submitted  to  AMMRC  for  evaluation.  Three  panels  had 
Korad  and  Tedlar  protective  covers  and  two  had  a  protective  coating. 

An  examination  of  the  five  protected  panels,  and  the  data  contained  in  Tables  21 
and  22,  resulted  in  the  selection  of  the  coating  as  the  means  of  protecting  the  full- 
size  windows  to  be  produced  in  Task  VI. 

A  summary  of  the  Task  IV  molding  trials,  Numbers  121  through  137,  is  contained  in 
Appendix  A. 

The  actual  molding  cycles  are  contained  in  Appendix  B  as  Figures  IV- 1  through  IV- 

10. 

The  individual  Light  transmission  and  haze  readings  obtained  on  each  of  the 
moldings,  Trial  Numbers  121  through  137,  are  contained  in  Appendix  C. 

It  appears  that  the  high  haze  of  moldings  134,  135,  136  and  137  was  a  result  of 
localized  hot  spots  during  molding.  A  second  thermocouple  was  used  in  molding 
Number  137  in  the  location  of  the  high  haze  of  moldings  134,  135  and  136.  As 
shown  in  Appendix  A,  Task  IV  ard  Appendix  6,  Figure  IV-10,  the  high  haze  area 
reached  a  maxiumum  temperature  of  9°F  above  the  control  area. 

The  localized  hot  spots  were  apparently  a  result  of  the  molding  tool,  since  the  haze 
pattern  tended  to  follow  the  water  cooling  pattern. 

However,  since  the  requirement  for  12"  x  12"  panels  was  fulfilled,  rework  of  the 
molding  tool  was  not  conducted. 

Task  V  -  Process  Specifications 

The  objective  of  this  task  was  the  preparation  of  Process  Specifications  that 
describe  the  selected  startm"  materials  and  detail  the  procedures  for  converting 
oriented  film  into  bonded  sheet  of  optimal  ballistics,  optical  and  debonding 
characteristics. 

The  following  specifications  were  prepared,  based  on  the  data  generated  in  Tasks  ! 
through  IV,  and  are  included  in  Appendix  E. 

Engineering  Report  No.  990 

"Material  Procurement  Specification  -  Polypropylene  Film  for  Trans¬ 
patent  Armor" 

This  specification  establishes  the  material  requirements  to  be  accep¬ 
table  for  the  production  of  transparent  film  armor  and  provides  the 
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receiving  procedure  and  test  methods  to  be  employed  in  assuring 
conformance. 

Engineering  Report  No.  991 

"Process  Specification-Production  of  Transparent  Polyolefin  Film 
Armor" 

This  specification  describes  the  materials  and  procedures  required  for 
converting  polyolefin  film  into  bonded  sheet. 

The  following  drawings  were  prepared  during  the  performance  of  this  contract  and 
are  included  in  Appendix  F. 

Swediow  Number  77050 


Assembly-Chase  Mold  (i2"xl2")  -  AMMRC.  Transparent  Armor  Test 
Plaques. 

Swediow  Number  80025 

Assembly-Chase  Mold-AMMRC.  Transparent  Armor  Windows. 

In  addition,  the  following  drawing  is  included  in  Appendix  F  for  reference  purposes. 
AMMRC  CD-I 


Transparent  Polypropylene  Film  Windows. 
Task  VI  -  Production  of  Film  and  Bonded  Sheet 


The  objective  of  this  task  was  to  produce  film  and  molded  sheet  in  accordance  with 
the  process  specification  generated  in  Task  V. 

A  chase  mold  with  inside  dimensions  of  16"  x  27"  was  fabricated  in  accordance  with 
Swediow  Drawing  80025.  Since  it  had  been  previously  determined  that  water 
cooling  of  the  mold  was  not  required  to  produce  clear  moldings,  such  cooling  was 
not  incorporated  in  the  tool. 

A  total  of  19  moldings,  Trial  Numbers  138  through  156,  were  prepared  in 
accordance  with  Engineering  Report  Number  991. 

Trial  Numbers  138  and  139,  which  were  12  inches  by  12  inches  by  20  ounces/foot^, 
were  used  to  verify  the  molding  cycle.  Both  moldings  were  clear,  indicating 
satisfactory  molding  conditions.  The  individual  light  transmission  and  haze 
readings  obtained  on  molding  Trial  Numbers  138  and  139  are  contained  in  Appendix 
C. 


Trial  numbers  140  through  156  were  16"  x  27"  moldings,  from  which  triangular 
windows  per  AMMRC  drawing  CD-I  could  be  obtained.  Each  16"  x  27"  molding  was 
large  enough  to  obtain  two  windows.  Trial  numbers  140  through  149  were  nominal 


0.094  inch  thick,  (7.12  ounces/foot2),  and  trial  numbers  150  through  156  were 
nominal  0.313  inch  thick,  (23.71  ounces/ioot^). 

As  reported  in  Task  IV,  it  was  determined  that  the  full-size  triangular  windows 
would  be  coated  with  a  protective  coating. 

Molding  trials  140,  141,  144,  147,  149  and  156  had  varying  defects  such  as 
delamination,  wrinkles  and  dimples  which  made  them  unsuitable  as  windows.  These 
moldings  were  used  for  protective  coating  evaluations. 

The  moldings  to  be  utilized  as  windows,  moldings  142,  143,  145,  146,  148,  150,151, 
152,  153,  154  and  155  were  coated,  in  the  full  16"  x  27"  size,  with  Swedlow's 
protective  coating  SS-6590.  After  coating  and  curing  both  sides,  triangular 
windows  per  AMMRC  drawing  CD-I,  as  shown  in  Figure  7,  were  machined  from 
each  molding.  Each  molding  yielded  two  windows,  except  molding  No.  151,  where 
only  one  window  could  be  obtained  due  to  slippage  during  machining. 


TRANSPARENT 

polypropylene 
~>lm  windows 


AMMRC  DRAWING  CD-I 


FIGURE  7 


Light  transmission  and  haze  was  measured  on  the  21  individual  CD-I  triangular 
windows  and  the  results  are  contained  in  Table  23. 
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TABLE  23 


LIGHT  TRANSMISSION  AND  HAZE 
OF  TRIANGULAR  WINDOWS 
TESTING  AT  +75#F  PER  ASTM  D-1003 


Panel 

Number 

Nominal 
Thickness  (Ins.) 

1 

Location  of  Readings 

2  3 

4 

142-1 

0.094 

LT  = 

89.8 

91.1 

91.2 

88.4 

H  = 

2.0 

3.4 

3.2 

3.1 

142-2 

0.094 

LT  = 

89.5 

89.6 

89.1 

88.0 

H  = 

2.2 

2.4 

4.8 

2.0 

143-1 

0.094 

LT  = 

90.6 

90.5 

90.4 

89.3 

H  ^ 

2.3 

4.4 

2.6 

2.4 

143-2 

0.094 

LT  = 

90.5 

90.4 

90.5 

89.8 

H  = 

2.7 

2.4 

3.1 

2.2 

145-1 

0.094 

LT  = 

90.7 

91.1 

89.9 

89.5 

H  = 

1.9 

2.6 

2.4 

2.7 

145-2 

0.094 

LT  = 

90.0 

90.5 

91 .0 

89.6 

H  = 

3.0 

3.2 

3.0 

2.0 

146-1 

0.094 

LT  = 

90.1 

90.2 

90.6 

89.7 

H  = 

2.6 

2.7 

2.9 

2.8 

146-2 

0.094 

LT  = 

90.5 

90.8 

90.6 

89.6 

H  = 

2.8 

3.8 

3.6 

3.2 

148-1 

0.094 

LT  = 

88.5 

89.8 

88.9 

88.0 

H  = 

4.3 

5.3 

4.1 

5.2 

148-2 

0.094 

LT  = 

89.4 

90.2 

90.1 

88.6 

H  = 

2.8 

2.2 

i .  9 

2.9 

150-1 

0.313 

LT  = 

83.5 

84.4 

84.5 

83.2 

H  = 

4.1 

4.0 

3.8 

3.6 

150-2 

0.313 

LT  = 

84.1 

84.4 

84.6 

83.4 

H  = 

3.3 

3.6 

4.4 

5.3 

151-1 

0.313 

LT  = 

83.8 

84. C 

84.6 

83.8 

H  = 

4.3 

4.6 

5.1 

4.3 
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TABLE  23  (CONTD) 


Panel 

Number 

Nominal 
Thickness  (Ins.) 

1 

Location  of  Readings 

2  3 

4 

1 52-  L 

0.313 

LT  = 

H  = 

85 .0 

5.5 

84.9 

5.7 

85.1 

6.2 

84.4 

4.8 

152-2 

0.313 

LT  = 

H  = 

85.0 

4.9 

85.7 

5.6 

84.9 

5.0 

84.6 

5.5 

153-1 

0.313 

LT  = 

H  = 

85.6 

5.0 

85.1 

4.9 

84.1 

5.4 

84.6 

5.1 

153-2 

0.313 

LT  = 
H  = 

85.5 

5.0 

85.2 

5.2 

85.4 

5.4 

85.7 

5.1 

154-1 

0.313 

LT  = 
H  = 

84.7 

4.5 

85.2 

5.9 

85.7 

4.9 

83.7 

4.3 

154-2 

0.313 

LT  = 
H  = 

84.4 

2.8 

83.7 

3.7 

84.6 

4.0 

83.2 

2.6 

155-1 

0.313 

LT  = 
H  = 

84.9 

4.8 

86.3 

5.2 

84.8 

4.9 

84.2 

4.9 

155-2 

0.313 

LT  = 
H  = 

84.8 

5.1 

85.0 

5.8 

84.2 

5.1 

83.8 

5.1 

The  21  individual  CD-I  triangular  windows  were  dimensionally  inspected  for 
conformance  to  AMMRC  drawing  CD-I.  The  results  obtained  are  contained  in 

Table  24. 


TABLE  24 


DIMENSIONAL  RESULTS  OF  TRIANGULAR  WINDOWS 

Panel  Thickness  (Inches)  Dimensions  (Inches) 


Number 

1 

2 

3 

4 

Reqt. 

24.60 

13.63 

0.50 

L00 

0.31R 

0.50R 

1.03R 

142-1 

.100 

.080 

.087 

.116 

.094 

24.51 

13.55 

.38 

.95 

ok 

ok 

ok 

142-2 

.103 

.089 

.090 

.119 

.094 

24.55 

13.58 

.40 

.98 

ok 

ok 

ok 

143-1 

.095 

.087 

.099 

.115 

.094 

24.52 

13.55 

.40 

.89 

ok 

ok 

ok 

143-2 

.104 

.090 

.091 

.114 

.094 

24.50 

13.54 

.40 

.93 

ok 

ok 

ok 

145-1 

.096 

.087 

.091 

.112 

.094 

24.49 

13.60 

.40 

.97 

ok 

ok 

ok 

145-2 

.095 

.085 

.095 

.111 

.094 

24.50 

13.60 

.40 

1 .00 

ok 

ok 

ok 

146-1 

.090 

.083 

.087 

.107 

.094 

24.51 

13.58 

.44 

.95 

ok 

ok 

ok 

146-2 

.092 

.091 

.093 

.109 

.094 

24.54 

13.57 

.45 

.97 

ok 

ok 

ok 

148-1 

.091 

.094 

.098 

.111 

.094 

24.50 

13.55 

.47 

1  .00 

ok 

ok 

ok 

148-2 

.096 

.089 

.100 

.121 

.094 

24.53 

13.58 

.40 

.94 

ok 

ok 

ok 

150-1 

.291 

.280 

.302 

.314 

.313 

24.50 

13.56 

.36 

.86 

ok 

ok 

ok 

O 

1 

M 

.307 

.288 

.282 

.330 

.313 

24.54 

13.53 

.42 

.94 

ok 

ok 

ok 

151-1 

.292 

.292 

.289 

.324 

.313 

24.51 

13.58 

.40 

.95 

ok 

ok 

ok 

1 52- ) 

.297 

.285 

.293 

.329 

.313 

24.53 

13.60 

.40 

.95 

ok 

ok 

ok 

152-2 

.302 

.302 

.297 

.333 

.313 

24.53 

13.61 

.40 

.95 

ok 

ok 

ok 

153-1 

.318 

.308 

.312 

.348 

.313 

24.49 

13.57 

.42 

.95 

ok 

ok 

ok 

153-2 

.325 

.300 

.311 

.348 

.313 

24.51 

13.55 

.40 

.93 

ok 

ok 

ok 

154-1 

.305 

.292 

.291 

.331 

.313 

24.51 

13.60 

.40 

.95 

ok 

ok 

ok 

154-2 

.307 

.309 

.307 

.338 

.313 

24.53 

13.57 

.41 

.95 

ok 

ok 

ok 

155-1 

.324 

.310 

.310 

.350 

.313 

24.51 

13.55 

.41 

.89 

ok 

ok 

ok 

155-1 

.316 

.302 

.326 

.337 

.313 

24.51 

13.54 

.41 

.90 

ok 

ok 

ok 
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Location  of  light  transmission, 
haze  and  thickness  readings 


The  following  20  CD-I  triangular  windows  were  delivered  to  AMMRC. 

o  Ten  windows  nominal  0.094"  thick,  (7.12  ounces/foot^). 

Two  each  Trial  No.  142,  143,  145,  146  and  148. 

o  Ten  windows  nominal  0.313"  thick,  (23.71  ounces/foot^). 

Two  each  Trial  No.  150,  152,  153,  154  and  155. 

In  addition,  15  rolls,  0.001"  x  32"  wide  of  Hercules  EK-500  Film  was  delivered  to 
AMMRC.  The  total  net  weight  was  860  pounds. 

A  summary  cf  the  Task  VI  molding  trials,  Numbers  138  through  156,  is  contained  in 
Appendix  A. 

The  actual  molding  cycles  are  contained  in  Appendix  B  as  Figures  VI-1  through  VI- 
19. 


CONCLUSIONS 

Based  on  the  results  obtained  during  the  performance  of  this  program,  the 
following  conclusions  can  be  reached. 

o  The  basic  objective  of  this  program,  the  determination  of  the  optimum 
processing  condition  for  oriented  polyolefin  film,  has  been  successfully 
accomplished. 

o  The  manufacturing  technology  has  been  established  for  the  production 
of  transparent  polyolefin  film  armor  having  acceptable  levels  of  light 
transmission,  haze,  interply  strength,  surface  protection,  optical 
deviation,  machinability  and  ballistic  performance. 

o  As  a  direct  result  of  the  process  optimization  developed  during  this 
program,  Swedlow  produced  triangular  shaped  helicopter  windows  for 
evaluation  by  AMMRC.  The  production  of  these  windows  demonstrated 
the  validity  of  the  production  process  and  the  feasibility  of  process 
scale  up  from  the  12  inch  by  12  inch  by  20  ounces/ft^  size. 


o 


A  range  of  sizes  and  thicknesses  are  now  capable  of  being  produced  in 
molded  oriented  polyolefin. 


RECOMMENDATIONS 


As  a  result  of  the  work  conducted  under  this  contract,  the  following  areas  have 
been  identified  where  farther  development  activity  should  be  considered. 

o  Improvement  of  the  ultra-violet  resistance  of  the  oriented  film. 

o  Investigate  additional  protective  covers  and  protective  coatings. 

o  Improvement  of  the  bonding  capability  of  the  protective  covers  and 
protective  coatings. 

o  Determine  practical  limits  of  production,  (thickness  and  size),  and 
effects  on  optical  qualities  and  ballistic  limits. 


DELIVERED  ITEMS 


During  the  performance  of  this  contract,  Task  I  through  Task  VI,  the  following 
items  have  been  delivered  by  Swediow,  Inc.  to  AMMRC. 

TASK  ITEM 

I  2  Moldings,  12"  x  12"  x  20  oz/ft2 

of  N4QQ  Reference  Filmm  (# 15  and  // 1 6). 


II 


III 


2  Layups,  14"  x  14"  x  20  oz/ft2 
of  N400  Reference  Film.  (Cross- 
piles,  unmolded). 

33  Moldings,  12"  x  12"  x  20  oz/ft2. 

2  each  N600  (A.C.X//21  and  //23) 

2  each  Identified  as  N600  (Rev.), 

(// 25  and  //26),  are  N400 

3  each  AT61  (//22,//29  and  #34) 

2  each  B  503  (#18  and  #19) 

2  each  P  2101  (#32  and  #33) 

2  each  X207  (#37  and  #39) 

2  each  P81B  (#38  and  #49) 

2  each  G.E.  (#40  and  #46) 

3  each  B500  (#41,  #44  and  #48) 

3  each  Identified  as  N400I1 

(#45,  #47  and  #52),  suspected  to  be  N600 

4  each  SK300  (#57,  #59  #60  and  #61) 

2  each  Dia.  Shamrock  (#65  and  #66) 

2  each  EK500  (#70  and  #71) 

2  each  El  Rexene  (#69  and  #72) 

15  Layups,  12"  x  12"  x  20  oz/ft2. 
(Cross-plies,  unmolded) 

1  each  P2102,  N400  II 
(Suspected  to  be  N600), 

N600  (A.C.),  N600  (Rev.Xis  N400)  B503, 
AT61,  G.E.,  X207,  P818,  B500, 

N400,  SK300,  Dia.  Shamrock, 

EK500  and  El  Rexene. 

23  Moldings,  12"  x  12"  x  20  oz/ft2 
of  EK  500  Film. 

(#76  through  #80,  #82  through 
#86,  #88  through  #91,  #93  through 
#97,  #99,  #104,  #117  and  #119, 


ITEM 


2  Layups,  12"  x  12”  x  20  oz/ft2. 
(Unmclded) 

1  Cross-plied,  1  not  cross-plied. 

Engineering  Report  No.  948 
"Test  Procedure  for  Determining  The 
Optimum  Processing  Condition  For 
Transparent  Polyolefin  Film  Armor". 

5  Moldings,  12"  x  12"  x  20  oz/ft2. 
of  EK  500  Film. 

2  with  SS-6590  protective  coating 
(#131  and  #132). 

3  with  protective  covers  (//118, 
#128  and  #130). 

Engineering  Report  No.  990 
"Material  Procurement  Specification  - 
Polypropylene  Film  for  Transparent 
Armor". 

Engineering  Report  No.  991 
"Process  Specification  -  Production 
of  Transparent  Polyolefin  Film  Armor". 

20  Triangular  windows  per  AMMRC 
Drawing  CD-I. 

10  Windows  0.094"  thick. 

(2  each  #142,  #143,  #145,  #146 
and  #148). 

10  Windows  0.313"  thick. 

(2  each  #150,  #152  through  #  155). 

860  pounds  of  biaxially  oriented  EK-50G 
film.  (15  rolls  0.001"  thick  by  32"  wide) 
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APPENDIX  A 


SUMMARY  OF  MOLDING  TRIALS 


TASK  I 

TASK  II 

TASK  III 

TASK  IV 

TASK  VI 


Trial  Numbers  1  through  16 
Trial  Numbers  17  through  73 
Trial  Numbers  74  through  120 
Trial  Numbers  121  through  137 
Trial  Numbers  138  through  156 


TASK  I 


PREPARATION  OF  REFERENCE  FILM  AND  SHEET 
Trial  Numbers  1  through  16 


SUMMARY  OF  HOLDING  TRIALS 
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Date  6/28  6/29  8/4  8/5  8/5  8/6  8/11  8/18  —  8/25  8/26 

1  Film  identified  as  Hercules  N600,  Rolled  by  Revere,  Is  H400 

2  CO*  cooled 

3  Temperature  overrun  -  part  badly  flowed.  Extruded  through  thermocouple  opening. 

11  Oven  override  during  drying  cycle 


SUMMARY  OF  MOLDING  TRIALS 


TASK  II 


EFFECT  OF  FILM  CHARACTERISTICS 
Trial  Numbers  17  through  73 


EFFECT  OF  FILM  CHARACTERISTICS 
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TASK  II  (Cont)  Page  6  EFFECT  OF  FILM  CHARAOERISTICS 
OF  HOLDING  TRIALS 
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TASK  III 


MOLDING  FLAT  SHEET 
Trial  Numbers  74  through  120 


SUMMARY  OF  MOLDING  TRIALS 
(HERCULES  EK-500  FILM) 


TASK  III  (Cont)  Page  2  HOLDING  FLAT  SHEET 
SUW ARY  OF  MOLDING  TRIALS 
(HERCULES  EK-500  FILM) 
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TASK  III  (Cont)  Page  3  HOLDING  FLAT  SHEET 
SUMMARY  OF  MOLDING  TRIALS 
(HERCULES  EK-500  FILM) 
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TASK  III  (Cont)  Page  4  HOLDING  FLAT  SHEET 
SUMARY  OF  HOLDING  TRIALS 
(HERCULES  EK-500  FILM) 


TASK  III  (Cont)  Page  5  HOLDING  FLAT  SHEET 
SUMMARY  OF  HOLDING  TRIALS 
(HERCULES  EK-500  FILM) 


TASK  III  (Cont)  Page  6  HOLDING  FLAT  SHEET 
SUWARV  OF  MOLDING  TRIALS 
(HERCULES  EK-500  FILM) 
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TASK  IV 


PROTECTIVE  COVERS 
Trial  Numbers  121  through  137 


PROTECTIVE  COVERS 
SUMMARY  OF  MOLDING  TRIALS 
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TASK  IV  (Cont)  Page  2  PROTECTIVE  COVERS. 

SUMMARY  OF  HOLDING  TRIALS 

(HERCULES  EK-500  FILM)  TRIAL  NUMBER 
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NOTES:  1  Incorporated  Diamond  Shamrock  UV  film  on  each  surface. 

2  Two  thermocouples  placed  in  molding. 


SUMMARY  OF  MOLDING  TRIALS 
(HERCULES  EK-500  FILM) 
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APPENDIX  B 


MOLDING  CYCLES 


TASK 

1 

Figures 

TASK 

_n  - 

Figures 

TASK 

hi  - 

Figures 

TASK 

_IV  - 

Figures 

TASK 

11  • 

Figures 

I- l  through  1-5 

II- l  through  11-20 

I I I -  1  through  III -34 

IV- 1  through  IV-10 
VI-1  through  VI-19 


FIGURE  I- 
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2U  X  n  H  INui  i 


46  1323 


46  1323 


I<*E 


APPENDIX  C 


INDIVIDUAL  LIGHT  TRANSMISSION 
AND  HAZE  READINGS 


TASK 

I  - 

Trial 

Number 

14 

TASK 

II  - 

Trial 

Numbers 

17  through  73 

TASK 

III  - 

Trial 

Numbers 

74  through  120 

TASK 

IV  - 

Trial 

Numbers 

121  through  137 

TASK 

VI  - 

Trial 

Numbers 

138  and  139 

Trial 

Number  Film 


TASK  I 

LIGHT  TRANSMISSION  AND  HAZE 
TESTING  AT  +75°F  PER  ASTM  D-1003 

Location  of  Readings 

12  3  4  5 


TASK  II 


LIGHT  TRANSMISSION  AND  HAZE 
TESTING  AT  +75°F  PER  ASTM  0-1003 


Location  of  Readings 


Number 

Film 

l 

2 

3 

4 

5 

17 

B- 503 

L.T. 

(%) 

89.2 

83.6 

85.5 

86.4 

85.7 

Haze 

(aO 

6.2 

4.7 

7.8 

4.2 

3.7 

18 

B-503 

L.T. 

(%) 

86.4 

84.7 

87.5 

86.5 

86.1 

Haze 

(%) 

4.4 

4.1 

4.6 

4.2 

4.0 

19 

8-503 

L.T. 

(%) 

86.4 

85.5 

86.1 

85.7 

86.7 

Haze 

(%) 

3.0 

3.5 

4.3 

3.0 

3.0 

20 

N600(AC) 

L.T. 

(%) 

90.3 

88.8 

94.2 

88.8 

89.1 

Haze 

(s) 

5.7 

5.6 

4.3 

6.5 

5.1 

21 

N600( AC) 

L.T. 

(%) 

89.2 

89.0 

88.7 

87.6 

91.3 

Haze 

(%) 

8.3 

8.1 

7.7 

7.1 

4.9 

22 

AT  61 

L.T. 

(%) 

69.6 

63.7 

73.5 

71.2 

67.9 

Haze 

(%) 

43.8 

46.2 

39.5 

38.7 

42.9 

23 

N600(AC) 

L.T. 

(%) 

83.4 

88.5 

89.3 

88.7 

89.0 

Haze 

(%) 

6.6 

7.5 

5.7 

6.1 

4.9 

24 

N600(AC) 

L.T. 

(%) 

87.2 

88.9 

88.9 

89.5 

90.1 

Haze 

(%) 

1.4 

6.2 

6.1 

5.1 

6.3 

25 

N600 ( R )  (1) 

L.T. 

(%) 

25.5 

22.8 

20.9 

17.2 

19.0 

Haze 

(%) 

100 

97.1 

98.1 

96.4 

100 

26 

N600(R)  (1) 

L.T. 

(%) 

35.2 

35.2 

29.0 

23.3 

25.3 

Haze 

(%) 

90.8 

76.6 

86.8 

77.7 

79.9 

27 

N600(R)  (1) 

L.T. 

(%) 

38.1 

38.7 

27.7 

21  .7 

28.3 

Haze 

(%) 

88.0 

81.6 

73.6 

81 .8 

75.2 

28 

AT  61 

L.T. 

(V 

68.0 

69.5 

73.5 

75.2 

73.2 

Haze 

U) 

41.6 

39.9 

39.4 

37.6 

38.5 

29 

AT  51 

L.T, 

( " ) 

69.5 

72.9 

73.8 

74.7 

70.4 

Haze 

h) 

40.9 

37.3 

34.8 

34.9 

38.4 

30 

P  2102 

L.T. 

{%) 

81  .2 

83.2 

80.7 

80.9 

80.8 

Haze 

(“) 

23.4 

23.0 

25.9 

25.4 

25.3 

31 

P  2102 

L.T. 

(S) 

79.3 

81.7 

80.7 

79.7 

80.8 

Haze 

25.0 

23.8 

26.2 

26.9 

24.7 

32 

P  2102 

L.T. 

(%) 

78.6 

81.1 

80.1 

79.6 

80.0 

Haze 

(%) 

23.3 

23.9 

24.5 

24.5 

26.5 

33 

P  2102 

L.T. 

( «) 

79.4 

80.0 

80.8 

80.6 

81.0 

Haze 

(%) 

23.8 

23.7 

24.5 

23.1 

24.0 
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LIGHT  TRANSMISSION  AND  HAZE  TESTING 


Location  of  Readings 


Number 

Film 

l 

2 

3 

4 

5 

34 

AT -61 

L.T. 

(%) 

74.0 

72.9 

72.7 

74.5 

72.7 

Haze  (%) 

33.7 

34.9 

35.9 

35.2 

36.2 

35 

AT-61 

L.T. 

(?) 

73.0 

72.9 

67.4 

66.4 

67.7 

Haze 

(?) 

35.1 

36.1 

38.3 

37.6 

42.2 

36 

G.E. 

L.T. 

/  0/  \ 

\ 

80.7 

80.0 

81.4 

79.6 

80.7 

Haze 

(%) 

8.4 

9.1 

8.6 

8.4 

8.3 

37 

X- 207 

L.T. 

(%) 

78.0 

79.4 

78.3 

78.4 

80.4 

Haze 

(%) 

5.5 

4.8 

5.4 

5.3 

5.9 

38 

P-81  B 

L.T. 

(%) 

74.0 

72.2 

72.0 

72.3 

71.5 

Haze 

(?) 

6.6 

8.1 

8.5 

7.4 

10.8 

39 

X-207 

L.T. 

(?) 

76.8 

77.8 

77.1 

76.1 

78.4 

Haze  (%) 

6.3 

6.3 

7.5 

6.9 

7.6 

40 

G.E. 

L.T. 

(i) 

80.6 

82.3 

80.5 

81.2 

82.2 

Haze 

(%) 

6.5 

5.4 

6.9 

6.8 

8.3 

41 

B-500 

L.T. 

(%) 

83.8 

83.2 

82.9 

84.0 

83.5 

Haze 

(S) 

3.4 

4.0 

3.8 

3.4 

4.2 

42 

N-400  II  (2) 

L.T. 

(%) 

87.5 

86.8 

87.0 

86.4 

87.3 

Haze 

(%) 

15.3 

12.2 

16.8 

14.8 

11.2 

43 

P-81-6 

L.T. 

(%) 

72.7 

73.1 

72.6 

73.2 

73.5 

Haze 

(?) 

9.8 

9.2 

8.6 

10.5 

10.4 

44 

8-500 

L.T. 

(%) 

82.7 

82.7 

82.9 

83.0 

83.0 

Haze 

(?) 

4.8 

4.2 

4.3 

4.1 

5.2 

45 

N-400,  II  (2) 

L.T. 

(?) 

86.2 

87.4 

87.3 

86.4 

86.6 

Haze 

(?) 

23.5 

17.8 

14.8 

15.7 

22.0 

46 

Capaci tor 

L.T. 

/  O'  \ 

\-0j 

80.6 

80.4 

80.2 

79.6 

80.2 

Haze 

(?) 

4.2 

4.9 

4.2 

4.8 

4.4 

47 

N-400,  II  v2) 

L.T. 

(“0 

88.2 

87.4 

87.5 

88.2 

88.1 

Haze 

(?) 

23.2 

24.9 

20.9 

21.1 

25.5 

48 

B-5CQ 

L.T. 

i%) 

83.3 

82.9 

82.4 

82.4 

82.5 

Haze 

(?) 

4.2 

4.0 

4.4 

4.3 

3.9 

49 

P-31 -B 

L.T. 

(f) 

73.7 

72.7 

72.5 

73.1 

72.9 

Haze 

(?) 

7.8 

8.2 

8.6 

8.1 

7.9 

50 

X-207 

L.T. 

(?) 

31.6 

80.6 

79.2 

79.8 

79.8 

Haze 

(?) 

6.3 

6.9 

7.4 

7.4 

6.3 

51 

N400 ,  II  (2) 

L.T. 

(?) 

84.1 

85.2 

85.7 

85.1 

84.6 

Haze 

(?) 

24.3 

22.3 

20.0 

23.3 

26.5 
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Trial 


Number 

Film 

52 

N-400 ,  II  (2) 

L.T.  (%) 
Ha22  (;4) 

53 

B-500 

L.T.  (fi) 
Haze  (%) 

54 

SK-300 

L.T.  (%) 
Haze  (%) 

55 

SK-300 

L.T.  (%) 
Haze  {%) 

56 

SK-300 

L.T.  (%) 
Haze  (%) 

^7 

SK-300 

L.T.  (%) 
Haze  (%) 

58 

SK-300 

L.T.  (4) 
na2e 

59 

SK-300 

L.T.  (%) 
Haze  {%) 

60 

SK-300 

L.T.  (%) 
Haze  {%) 

61 

SK-300 

L.T.  <%) 
Haze  (:«) 

62 

SK-300 

L.T.  (%) 
Haze  [%) 

63 

El  Rexene 

L.T.  {%) 
Haze  [%) 

64 

Dia.  Shamrock 

L.T.  (5) 
Haze  (“) 

65 

Dia.  Shamrock 

L.T.  {%) 
Haze  {%) 

66 

Dia.  Shamrock 

L.T.  {%) 
Haze  {%) 

67 

El  Rexene 

L.T.  (%) 
Haze  {%) 

68 

Dia.  Shamrock 

L.T.  (%) 
Haze  {%) 

59 

El  Rexene 

L.T.  (i) 
Haze  {%) 

Location  of  Readings 


1 

2 

3 

4 

5 

87.5 

87.4 

85.3 

87.0 

86.9 

19.5 

23.2 

28.1 

21 .9 

24.0 

84.1 

83.7 

84.0 

84.1 

84.0 

3.3 

4.3 

3.5 

3.6 

3.3 

88.0 

87.9 

86.2 

88.2 

88.1 

7.0 

9.2 

10.8 

7.5 

8.0 

86.3 

86.7 

85.4 

87.2 

86.0 

8.5 

9.4 

8.3 

7.7 

8.0 

39.7 

37.7 

37.3 

37.4 

38.5 

99,0 

100.0 

iOO.O 

99.0 

99.0 

65.0 

66.8 

69.5 

67.6 

68.3 

25.2 

27.3 

24.5 

26.3 

24.5 

82.3 

83.6 

81  .8 

82.7 

82.1 

11.4 

12.5 

14.5 

13.8 

12.7 

83.0 

82.4 

83.1 

83.8 

82.6 

7.3 

8.0 

6.7 

7.6 

6.9 

83.8 

84.2 

83.3 

84.8 

84.5 

6.2 

5.8 

6.7 

6.1 

6.6 

83.3 

83.8 

84.1 

83.6 

84.0 

6.8 

6.0 

7.5 

8.3 

7.1 

86.0 

85.1 

83.9 

85.8 

07.1 

7.0 

7.7 

7.9 

7.8 

7.8 

90.3 

90.0 

87.7 

91  .0 

91.5 

13.5 

15.2 

18.5 

16.1 

15.0 

33.5 

43.0 

32.2 

20.7 

42.7 

73.6 

73.6 

73.6 

73.6 

73.6 

41.5 

38.5 

39.0 

37.3 

32.5 

35.4 

39.4 

44.1 

40.4 

44.4 

0 

0 

10.5 

21.2 

0 

69.4 

69.1 

61  .7 

53.6 

71.6 

91 .5 

- 

- 

- 

14.7 

- 

- 

- 

0 

0 

0 

0 

0 

71.4 

70.6 

71.5 

71.1 

67.4 

91 .3 

92.0 

91.5 

88.8 

89.5 

12.3 

11.2 

14.7 

13.5 

18.4 
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Trial 

Number  Filin 

70 

EK-500 

71 

EK-500 

72 

El  Rexene 

73 

EK-500 

(1) 

(2) 

Film  identified 
Suspected  to  be 

Location  of  Readings 
2  3  4 


L.T. 

(%) 

89 

.8 

Haze 

(%) 

1 

.5 

L.T. 

(%) 

87 

Haze 

(%) 

1. 

.3 

L.T. 

(T) 

58, 

.8 

Haze 

(%) 

38. 

,8 

L.T. 

(%) 

84. 

.8 

Haze 

(%) 

3. 

7 

a_  N600  (R),  oriented  by  Revere 
N600  film 


87.7 

0 

88.0 

1.3 

87.7 

0 

87.2 

0.6 

88.3 

2.6 

88.5 

2.6 

88.8 

2.6 

87.5 

3.6 

55.2 

43.0 

54.7 

44.0 

57.5 

43.4 

60.0 

38.2 

85.8 

3.4 

85.7 

4.4 

86.7 

5.2 

85.0 

8.6 

is  N400 


4 


Location  of 
Readi ngs 


TASK  lli 


LIGHT  TRANSMISSION  AND  HAZE 
TESTING  AT  +75°F  PER  ASTM  D-I0Q3 
(HERCULES  EK-500  FILM) 


Trial 

Lo 

cation  of 

Reading 

Number 

l 

2 

3 

4 

5 

74 

L.T. 

{%) 

83.4 

79.3 

81.3 

78.2 

79.6 

(Hazy  Area) 

Haze 

(*) 

6.3 

21 .8 

23.2 

25.4 

20.6 

74 

L.T. 

(5) 

82.7 

83.4 

83.2 

82.7 

83.3 

(Clear  Area) 

Haze 

{%) 

5.7 

L  .4 

5.0 

4.1 

4.5 

75 

L.T. 

{%) 

83.3 

82.1 

81.1 

80.9 

80.5 

Haze 

(%) 

5.7 

5.5 

4.4 

3.3 

3.3 

76 

L.T. 

( ») 

82.0 

81.2 

82.7 

83.8 

80.6 

Haze 

(%) 

5.8 

3.9 

5.1 

5.3 

2.6 

77 

L.T. 

U) 

83.2 

83.7 

84.1 

83.0 

81  .6 

Haze 

(") 

4.2 

4.7 

5.4 

4.4 

2.4 

m 
/  o 

L.T. 

/  -a/  \ 

V  »  / 

OO  .>1 

«  -r 

84.2 

Q-3 

WO  •  » 

82.7 

82. 1 

Haze 

U) 

4.3 

4.1 

4.0 

4.5 

4.5 

79 

L.T. 

(-.) 

83.3 

83.9 

82.5 

83.5 

82.9 

Haze 

(%) 

4.5 

5.3 

5.1 

5.8 

4.8 

80 

L.T . 

(*•) 

85.3 

86.2 

86.2 

86.0 

84.3 

Haze 

(s) 

4.0 

5.1 

4.2 

5.0 

3.1 

81 

L.T. 

(X) 

84.2 

84.8 

84.3 

83.2 

81 .9 

Haze 

(S) 

4.5 

5.2 

5.2 

4.6 

2.3 

82 

L.T. 

(%) 

58.4 

51.2 

55.6 

49.7 

51 .2 

Haze 

(S) 

High 

Haze  - 

Not  Measured 

83 

L.T. 

("} 

83.9 

84.1 

84.2 

84.4 

82.6 

Haze 

(%) 

5.4 

5.1 

5.6 

5.0 

2.8 

84 

L.T. 

(“) 

83.0 

84.4 

83.6 

82.8 

82.3 

Haze 

(%) 

5.4 

6.7 

4.8 

3.9 

3.3 

85 

L.T. 

(S) 

80.7 

81.3 

80.6 

81  .3 

80.0 

, 

Haze 

(■ ) 

3.4 

4.6 

6.4 

4.9 

3.0 

86 

L.T. 

(%) 

79.1 

79.3 

79.1 

78.9 

78.5 

Haze 

(S) 

6.4 

7.7 

5.6 

7.5 

6.7 

37 

L.T. 

(%) 

85.  1 

84.1 

85.3 

86.3 

83.6 

Haze 

(S) 

4.8 

5.9 

7.0 

6.4 

2.6 

88 

L.T. 

(«) 

83.9 

84.1 

84.7 

85.0 

82.3 

Haze 

(wo) 

6.7 

7.3 

6.1 

5.2 

2.7 

89 

L.T. 

(%) 

82.1 

78.8 

77.9 

79.7 

77.3 

Haze 

(°0 

5.2 

8.5 

7.8 

8.2 

5.2 

TASK  III  -  Cent  Page  2 
LIGHT  TRANSMISSION  AND  HAZE 
(HERCULES  EK-500  FILM) 

Tria  1 
Number 


90 

91 

92 

93 

94 

95 

96 

97 

98 


L.T.  (%) 
Haze  {%) 

L.T.  (f<) 
Haze  (%) 

L.T.  {%) 
Haze  (%) 

L.T.  ( L ) 
Haze  [%) 

L.T.  (%) 
Haze  [%) 

L.T.  (".) 
Haze  ( L ) 

L.T.  (%) 
Haze  {:<■) 

L.T.  (%) 
Haze  (:i) 

L.T.  (%) 
Haze  {%) 

L.T.  (:,) 
Haze  (?=) 


99 


Location  of  Reading 


1 

2 

3 

4 

5 

62.7 

72.6 

60.0 

33.0 

60.6 

19.7 

6 . 5 

26.7 

92.8 

26.0 

83.3 

82.3 

82.1 

82. 7 

80.6 

3.0 

5.5 

3.9 

4.7 

2.8 

Caul 

L.T. 

Plate  Left  Off 

and  Haze  not  measured 

57.4 

54.7 

64.1 

79.0 

61.7 

69.0 

74.8 

42.2 

8.7 

51.0 

84.5 

83.8 

33.2 

83.2 

81.8 

5.2 

6.0 

5.6 

5.7 

3.3 

83.1 

83.2 

82.9 

83.0 

81.6 

4.3 

4.5 

4.4 

4.2 

2.9 

83.8 

84.3 

83.5 

34.3 

82.4 

4.6 

4.0 

4.2 

4.2 

2.4 

82.5 

82.4 

81.4 

81.3 

80.1 

7.0 

6.0 

4.7 

4.5 

2.8 

64 . 6 

55.5 

57.1 

65.2 

57.7 

60.1 

82.7 

88.6 

51.7 

72.6 

74.5 

6.4 


74.0 

7.0 


74.0 

6.5 


75. 

7. 


TASK  III  -  Cent  Page  3 
LIGHT  TRANSMISSION  AND  HAZE 
(HERCULES  EK-500  FILM) 

LOCATION  OF  LIGHT  TRANSMISSION 

AND  HAZE  READINGS 

(PANELS  74-99) 


TASK  III  -  Cont  Page  4 
LIGHT  TRANSMISSION  AND  HAZE 


(HERCULES  EK-500  FILM) 


LOCATION  OF  READING 


NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

100 

LT= 

82.1 

72.3 

75.9 

82.8 

74.6 

74.3 

83.3 

75.5 

78.2 

H= 

4.5 

9.1 

5.1 

3.1 

7.0 

4.9 

2.5 

3.  7 

4.1 

101 

LT= 

83.4 

78.0 

77.6 

82.6 

75.6 

74.3 

30.5 

76.0 

75.2 

H= 

4.1 

6.3 

6.7 

3.7 

6.2 

5.8 

3.8 

4.6 

5.4 

102 

LT= 

84.9 

82.7 

83.5 

82.7 

80.1 

79.6 

82.3 

79.5 

79.6 

H= 

5.1 

6.4 

6.8 

4.6 

3.6 

3.5 

4.3 

3.9 

4.0 

103 

LT= 

84.4 

82  1 

81.6 

84.5 

80.1 

80.9 

84.1 

81  .7 

81.4 

H= 

4.5 

4.4 

4.6 

4.0 

3.1 

3.5 

2.7 

2.1 

2.7 

104 

LT= 

82.7 

79.7 

79.4 

82.0 

78.6 

79.0 

82.9 

79.0 

79.6 

H= 

5.0 

4.4 

4 . 6 

4.2 

3.9 

4.2 

4.7 

3.6 

3.0 

105 

LT= 

83.3 

80.5 

79.3 

81.9 

78.5 

78.5 

82.0 

78.9 

79.5 

H= 

o .  / 

4. 3 

5 . 4 

4. 3 

3.9 

4 . 4 

3 . 9 

3. 4 

2 . 4 

106 

LT= 

82.7 

79.3 

79.4 

32.1 

77.8 

78.0 

82.3 

79.0 

78.7 

H= 

4.6 

5.7 

5.6 

4.1 

4.4 

3.9 

3.8 

3.2 

4.5 

107 

LT= 

85.0 

84.2 

84.6 

82.9 

81.1 

83.5 

83.0 

32.6 

82.8 

H= 

5.0 

4.  3 

4.7 

10.6 

11.9 

5.3 

7.7 

5.8 

3.0 

108 

LT= 

81.7 

79.3 

79.3 

32.4 

30.4 

80.7 

83.4 

83.4 

86.2 

H= 

14.6 

25.7 

25.5 

18.7 

21  .5 

22.0 

4.7 

4.0 

5.0 

109 

LT= 

84.  3 

82.6 

85.2 

33.  3 

82.9 

85.0 

81 . 3 

83. 4 

86.7 

H= 

4.6 

8.3 

4.5 

9.7 

3.8 

2.6 

12.9 

5.4 

3.3 

1  10 

LT= 

82.7 

82.7 

81 .3 

68.3 

62.7 

72.6 

71 .2 

66.4 

74.0 

H= 

4.3 

4.5 

4.8 

49.7 

91.3 

14.0 

4.7 

30.1 

9.5 

111 

LT= 

84.2 

79.9 

79.0 

78.1 

77.5 

79.0 

34.7 

79.6 

80.5 

H= 

3.7 

3.6 

4.7 

3.4 

3.5 

3.8 

4.3 

4.0 

5.9 

112 

LT= 

83.0 

81  .0 

79.7 

82.7 

80.5 

80.6 

84.4 

83.7 

83.5 

H= 

4.9 

4.0 

4.0 

2.5 

2.4 

3.3 

2.2 

1.6 

2.8 

113 

LT= 

85.1 

83.6 

75.5 

75.1 

74.6 

74.2 

78.  3 

73.5 

72.2 

H= 

5.6 

4.1 

45.2 

43.2 

55.5 

43.7 

21.0 

63.9 

58.9 

114 

LT= 

83.6 

84.6 

83.0 

77.1 

75.8 

80.5 

84.9 

83. 1 

84.4 

H  = 

4.9 

2.9 

3.4 

49.1 

56 . 6 

27.4 

3.3 

7.1 

3 . 6 

115 

LT= 

83.8 

32.5 

81.4 

84.0 

81  .3 

32.0 

36.9 

82.6 

33.5 

ri= 

3.6 

3.4 

3 . 7 

2.7 

1.7 

3.U 

2.4 

u.y 

1  9 

TASK  III  -  Cont  Page  5 
LIGHT  TRANSMISSION  AND  HAZE 


(HERCULES  EK-500  FILM) 
PANEL 


LOCATION  OF  READING 


IUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

116 

LT= 

86.0 

82.7 

82.8 

85.8 

82.1 

82.1 

84.9 

82.2 

82.7 

H= 

4.6 

3.0 

4.0 

3.6 

2.9 

3.3 

2.9 

2.2 

3.6 

117 

LT= 

84.3 

83.5 

84.6 

83.2 

82.3 

84.4 

83.4 

82.8 

83.3 

H= 

4.5 

3.9 

2.6 

3.4 

2.6 

3.3 

3.3 

2.1 

1.4 

118 

LT= 

85.9 

84.8 

85.3 

84.5 

82.7 

84.0 

84.0 

84.0 

84.7 

H= 

5.6 

5.2 

6.7 

4.5 

2.5 

4.7 

4.5 

3.3 

3.7 

119 

LT= 

84.3 

81.9 

84.1 

34.2 

81.6 

83.4 

85.0 

84.4 

84.5 

H= 

4.3 

3.2 

4.8 

4.3 

2.5 

4.0 

4.9 

3.4 

2.9 

120 

LT= 

84.5 

83.7 

84.8 

83.9 

81  .8 

84.6 

81 .7 

82.7 

84.7 

H  = 

4. 4 

2.8 

4.8 

3.5 

2.3 

3.6 

3.4 

3.1 

3.6 

LOCATION  OK  LIGHT  TRANSMISSION 
AND  HAZE  READINGS 
,  (PANELS  TOO  -  120) 


TASK  IV 


LIGHT  TRANSMISSION  AHD  HAZE 

TESTING  AT  +75°F  PER  ASTM  D-1QQ3 
(HERCULES  EK-500  FILM) 

LOCATION  OF  READING 


Panel 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

121 

LT  = 

78.1 

79.0 

79.9 

77.0 

76.7 

78.6 

77.2 

77.3 

79.0 

H  = 

33.5 

30.2 

26.8 

35.6 

37.1 

30.5 

34.4 

32.6 

30.3 

122 

LT  = 

81.7 

80.5 

79.7 

80.5 

79.6 

79.6 

80.  3 

80.2 

79.7 

H  = 

28.1 

28.7 

31 .9 

30.1 

29.7 

30.2 

28.8 

27.8 

31  .0 

123 

LT  = 

85.1 

84.1 

83.5 

85.0 

83.6 

83.2 

8- .  4 

84.1 

83.9 

h  = 

3.9 

4.0 

3.8 

3.0 

3.3 

3.6 

3.4 

3.4 

3.2 

124 

LT  = 

84.2 

83.6 

32.9 

83.4 

82.5 

82.2 

83.2 

82.2 

82.0 

H  = 

12.2 

13.7 

16.1 

13.2 

14.6 

14.5 

14.1 

14.2 

15.2 

125 

LT  = 

83.4 

82.8 

83.3 

83.6 

83.0 

84.2 

84.2 

83.3 

83.5 

H  = 

3.2 

3  1 

2.9 

2.8 

2.7 

2.5 

2.6 

2.6 

2.5 

125 

LT  = 

81.1 

80.5 

80.6 

81.7 

30.8 

31 .3 

82.9 

82.5 

32.5 

H  = 

14.5 

14.9 

14.9 

15.2 

14.9 

16.9 

12.4 

13.7 

13.0 

127 

LT  = 

86.8 

85.2 

85.4 

86.0 

83.2 

83.0 

86.0 

84.0 

83.8 

H  = 

6.5 

6.6 

6.9 

6.1 

6.3 

7.6 

6.5 

6.3 

7.3 

128 

LT  = 

86.1 

84.2 

84.5 

85.7 

82.8 

83.5 

85.9 

83.7 

85.7 

H  = 

3.3 

3.7 

4.3 

3.3 

4.0 

3.7 

4.7 

4.2 

4.7 

129 

LT  = 

85.8 

84.2 

85.0 

85.3 

82.7 

83. 5 

83.9 

83.5 

85.7 

H  = 

3.1 

4.1 

3.7 

3.3 

3.2 

3.0 

3.3 

3.6 

4.2 

1 


TASK  IV  Cont  Page  2 
LIGHT  TRANSMISSION  AND  HAZE 
(HERCULES  EK-500  FILM) 

LOCATION  OF  READING 


Panel 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

130 

LT  = 

86.2 

83.4 

82.6 

85.9 

82.7 

83.4 

86.5 

84.0 

83.0 

H  = 

3.3 

3.5 

2.3 

3.3 

2.4 

3.7 

3.6 

3.5 

4.4 

131 

LT  = 

86.3 

83.6 

83.9 

86.2 

82.6 

83.5 

84.3 

83.2 

84.7 

H  = 

3.6 

2.3 

3.1 

4.1 

3.3 

3.9 

2.5 

3.3 

4.9 

132 

LT  = 

84.5 

81.9 

82.1 

83.8 

81 .0 

83.5 

84.9 

82.8 

84.7 

H  = 

4.6 

5.1 

3.8 

3.6 

6.2 

3.6 

3.6 

3.1 

3.7 

133 

LT  =■• 

86.3 

85.0 

84.5 

86.5 

84.1 

84.1 

86.1 

84.2 

84.4 

H  = 

3.6 

5.2 

2.5 

3.8 

4.8 

3.0 

3.4 

2.7 

2.6 

134 

LT  = 

84.3 

80.4 

81.9 

84.5 

81  .6 

82.7 

85.4 

83.4 

84.7 

H  = 

3.8 

31.2 

8.0 

3.1 

9.2 

4.3 

3.1 

2.2 

4.0 

135 

LT  = 

84.8 

78.2 

83.5 

83.5 

69.8 

80.8 

82.9 

65.7 

70.7 

II  = 

3.5 

19.6 

3.2 

r\ 

J.  u 

oo.  1 

3.2 

3 . 3 

41.7 

39.5 

136 

LT  = 

82.8 

72.8 

79.6 

82.5 

75.0 

80.7 

83.5 

81 .8 

84.4 

H  = 

3.2 

59.2 

13.3 

4.1 

53.3 

10.6 

3.5 

5.0 

2.4 

137 

LT  = 

83.7 

75.3 

77.5 

83.9 

75.4 

77.4 

84.4 

80.3 

82.4 

H  = 

3.0 

38.9 

15.7 

3.1 

35.4 

16.2 

2.9 

14.5 

3.3 

LOCATION  OF  LIGHT  TRANSMISSION 
AND  HAZE  READINGS  (ALL  PANELS) 


I 


k. 


TASK  VI 


LIGHT  TRANSMISSION  AND  HAZE 

TESTING  AT  +75°F  PER  A STM  D-1003 
(HERCULES  EK-500  FILM) 

Location  of  Readings 

Panel  Number  123456789 


TASK  II 


Crown  Zel lerbach  AT-61 

Hercules  N-400  (Rolled  by  Am.  Can) 

Hercules  N-600  (Rolled  by  Revere)  (Is  N400  Film) 
Hercules  N-600  (Rolled  by  Am.  Can) 

Hercules  B-503 
Toyoba  P2102 
Cryovac  X-207 

Hercules  N-400,  Type  II  (Suspected  to  be  N600  Film) 
Mobil  Bicor  240-B1  (P-81-B) 

General  Electric  Capacitor  Grade 
Hercules  B-500 
Trea  SK  300-2 

Diamond  Shamrock  NB-81-59-3 
Hercules  EK-500 
El  Rexene  PP-4 1-6300-4 153 


AETL 


APPROVED  ENGINEERING  TEST  LABORATORIES 

A  NATIONAL  UCHKlCAL  tCAVlCC*  COMPANY 


1536  EAST  VALENCIA  /  FULLERTON.  CALIFORNIA  92631  I  TEL.  I71«)  679-6110 


TESTED  FOR 

Report  No.  677-1399-1 
P.0.  No.  21898 
•Date:  7  September  1976 

Attention:  R.  Shelton 


Swedlow,  Inc. 

1224  2  Western  *Ave . 

Garden  Grove,  California  92645 


1 . 0  TEST  SAMPLE 

One  Plastic  Film  Material  marked  Crown  Zellerbach  #AT-61 
(Comp,  rolled  by  American  Can  Co.  at  230°F) 

2 . 0  TEST  PERFORMED 

Orientation  Release  Stress  per  A.STM  D1504-70 

3 . C  TEST  RESULTS 

3.1  Tested  Parrallel  To  Arrow 

Specimen  Maximum  Temperature 

No.  attained,  °F _ 

1  750 

2  250 

3  250 

4  250 

5  250 
Average- 


Release 

Stress,  psi  Remarks 

593  (See  Note  1) 

567  (See  Note  1) 

579  (See  Note  1) 

525  (See  Note  1) 

498  (See  Note  1) 

552 


3.2 


Test  Perpendicular  to  Arrow 

Specimen  Maximum  Temperature 

No.  attained,  °F _ 


1 

2 

3 

4 

D 


250 
250 
250 
250 
2  50 


Release 


Stress,  psi 

Rem a  rk  s 

Nil 

(See  Note 

2) 

Nil 

(See  Note 

2) 

Nil 

(See  Note 

2) 

Nil 

(See  Note 

2) 

Nil 

(See  Note 

2) 

OTM[k  DIVISIONS 
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APPROVED  ENGINEERING  TEST  LABORATORIES 


Note  1:  Specimen  returned  to  about  the  original  shape  and  dimensions 
upon  cooling  to  room  temperature. 

Note  2:  No  load  indication  on  0-1  lb.  range  (1  division  =  0.01  lb.) 


APPROVED  ENGINEERING  TEST  LABORATORIES 


,  -*A_ . _ 

Francis  Pickell  Sr. ,  Project  Engineer 


Subscribed  and  sworn  to  before  me  this  3rd  day  of  October  29,  1976 


0  f  r  1 1 J  i  A  k 

BETTV  MATTtSON 

NOTARY  fUBUC  -  CALIFORNIA 

CHANGE  COUNTY 
nUmTr-  frekrm  Oa.  39,  1BT7 


/Betty  M/i 1 t e  s  on ,  / Nora ry  Public  in  and  for  the  County  of  Orange,  State  of 
California.  My ' commi ss ion  expires  October  29,  1977. 


6T7-1399-1 


APPROVED  ENGINEERING  TEST  LABORATORIES 


Note  1:  Specimen  returned  to  about  the  original  shape  and  dimensions 
upon  cooling  to  room  temperature. 

Note  2:  No  load  indication  on  0-1  lb.  range  (1  division  =  0.01  lb.) 


APPROVED  ENGINEERING  TEST  LABORATORIES 


Francis  Pickell  Sr.  ,  Project  Engineer 


Subscribed  and  sworn  to  before  me  this  3rd  day  of  October  29,  1976 


it* 


OFFICIAL  SEAL 
BETTY  MATTESON 

N9T ANY  PMHJO  -  CAUKMMA 
ORANGE  COUNTY 
Mr  Commhclon  Expire  Oct.  SB,  1W77 
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rnia.  My 


.  __  1  T  1 


Notary  Public  in  and  for  the  County 
commission  expires  October  29,  1977. 


of  Oranqe,  State  of 


dkl 


m 


AETL 

APPROVED  ENGINEERING  test  LABORATORIES  /  1536  EAST  VALENCIA  ,  FULLERTON.  CALIFORNIA  92631  /  TEL  (714!  879-6110 


*  NATIONAL  TECHNICAL  GCHVICt*  COMPANY 


TESTED  FOR 

Swedlow,  Inc. 

12242  Western  Ave. 

Garden  Grove,  California  92645 

Attention:  R.  Shelton 


Report  No.  677-1399-2 

P.0.  No.  21898 

Date:  7  September  1976 


TEST  SAMPLE 

One  Plastic  Film  Material  marked  Hercules  N400  (Comp,  rolled  by 
American  Can  Co.  at  244°F) . 

TEST  PERFORMED 

Orientation  Release  Stress  per  ASTM  D1504-70 
TEST  RESULTS 

Tested  Parrallel  To  Arrow 


Specimen  Maximum  Temperature 

No.  attained ,  °  F 


Release 

Stress,  psi  Remarks 


Average 

Test  Perpendicular  to  Arrow 


(See  Note  1) 
(See  Note  1) 
(See  Note  1) 
(See  Note  1) 
(See  Note  1) 


specimen  Maximum  Temperature 

No.  attained ,  °  F 


Release 
Stress,  psi 


Remarks 
(See  Note  2) 
(See  Note  2) 
(See  Note  2) 
(See  Note  2) 
(See  Note  2) 


other  Divisions 

L  Oi  AI»CI  l  C.S  O' VISION  /  wt*l  )0«1M  Jli.m  /ici  A'lilltJ  («!•<  font)  I  (JIJ.  Mi  j/c? 

VA11  V  O'  VI.,  ION  /  »!il  C*»*OLA  A.'l'.vt  /  <  -«*  ft;  "  DR'i  •**]>)(  ,  Dl)i  MJ  OIK 
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C  2  I  i  21  i  •  «*> 
12  I  >1  *  S  I  » 


3 . 2 


Spec imen 

Maximum  Temperature 

Release 

No. 

attained,  rF 

Stress,  psi 

Remarks 

1 

250 

496 

( See 

Note 

1) 

2 

250 

506 

(See 

Note 

1) 

3 

250 

550 

( See 

Note 

1) 

4 

250 

551 

( See 

Note 

1) 

5 

250 

541 

( See 

Note 

1) 

Average 

529 

Test  Perpendicular  to  Arrow 

Specimen 

Maximum.  Temperature 

Release 

No. 

attained,  °F 

Stress,  psi 

Remarks 

1 

250 

Nil 

(See 

Note 

2) 

2 

250 

Nil 

( See 

Note 

2) 

3 

250 

Nil 

( See 

Note 

2) 

4 

250 

Nil 

( See 

Note 

2) 

5 

250 

Nil 

(See 

Note 

2) 

07m£«  Oivi$<ONS 


lOJ  AN&C  it  S  D'VlitQN  /  wlSt  |C*1m  Jtattl  /iC’S  f.Ctlti  f.Htf  o«"'  »•  HO 

vftlllv  O '  v  •  V  On  /  *iil  (ftr.o^ft  ftviwy  f  /  t *-i  "  C *» '* ■  “  *i)>: 

i*ucui  c*  vs«o*»  /  ?o?«f  *■*  col  o( ^  i  ■  ■  ft*  '*c  i  i  ft*  c  ,  *►<■  «.*c.  <j r  c*i  •*  o®  r«**  »i  j»o 

c*l  i»Oft'<>ft  nil  L*Bi  t)iv  /  111)  POIM  ftO  »v(  ,  sc  I  c  *-*0**T  €  t  *  SIM) 
w.  ii.  *«ofiu  oiv.  /  Mil  *»qi  »*  upAyiNut  /  to  ti  Momit.  (*liiq>hi*  im> 


ci).  i  »i  i )o? 
C»)i  ) ft  i  6t)C 

ll:i,  ,';s  (IB* 

Cl),  ft  *  e«B4 

pm  «««  »m 


APPROVED  ENGINEERING  TEST  LABORATORIES 


Note  1:  Specimen  returned  to  about  the  original  shape  and  dimensions 
upon  cooling  to  room  temperature. 

Note  2:  No  load  indication  cn  0-1  Id.  range  J1  division  =  0.01  lb.) 


APPROVED  ENGINEERING  TEST  LABORATORIES 


-7"  ■ _ 

Francis  Pickell  Sr.  ,  Project  Engineer 


Subscribed  and  sworn  to  before  me  this  3rd  day  of  October  29,  1976. 


^etty  >ratteson'^  Notary  Public  in  and  for  the  County  of  Orange,  State  of 
'California.  My  commission  expires  October  29,  1977. 


dkl 


AETL 


approved  engineering  TEST  LABORATORIES  /  1536  EAST  VALENCIA  /  FULLERTON.  CALIFORNIA  92631  /  TEL  (7141  6?9-6no 

A  NATIONAL  TCCMNlCAt  tCftVlCfl  COMPANY 


TESTED  FOR 

Swedlow,  Inc.  Report  No.  677-1399-4 

17.242  Western  Ave.  P.0.  No.  21898 

Garden  Grove,  California  92645  Date:  7  September  1976 

Attention:  R.  Shelton 


1 . 0  TEST  SAMPLE 

One  Plastic  Film  Material  marked  Hercules  N60i  (Comp,  rolled  by 
American  Can  Co.  at  224  °F) 

2.0  TEST  PERFORMED 


Orientation  Release  Stress  per  ASTM  D1504-70 
3 . 0  TEST  RESULTS 
3-1  Tested  Parallel  To  Arrow 


Specimen 

Maximum  Temperature 

Release 

No. 

attained,  °F 

Stress,  psi 

Remarks 

1 

275 

404 

(See 

Note 

1) 

2 

275 

360 

(See 

Note 

1) 

3 

275 

480 

(See 

Note 

1) 

4 

275 

480 

(See 

Note 

1) 

5 

275 

450 

(See 

Note 

1) 

Average 

435 

Test  Perpendicular  to  Arrow 

Specimen 

Maximum  Temperature 

Release 

No. 

attained,  °F 

Stress,  psi 

P.e  marks 

1 

275 

Nil 

( See 

Note 

2) 

2 

275 

Nil 

(See 

Note 

2) 

3 

275 

Nil 

(See 

Note 

2) 

4 

275 

Nil 

(See 

Note 

2) 

5 

275 

Nil 

( See 

Note 

2) 

CTMlfc  Divisions 

LOV  AMCCltS  O'v.VON*  /  »17L  "LS’l  /ICi  A-C.lt  IV  (AL'I  U«N.A  9  00*5  /  1 7  )  }  |  >>0J 

V*Ll(V  DlVIpON  /  tANQCA  Ivffiut  /  (  H»!  S^Qe  ^  C  A  >  -•  A  till,  ,  ,>|J  ,4)OIU 

t/i  D-  V  IV'0»*  /  70*  »•  **  COlDt  N  T«  >»NU  1*0/  s*  v'Ci  t/i  /  i»Cii  ?>**)•« 

cavko*"'*  mi  k>m  oiv  /  Mjj»oi«mc.Avt  /  ic  it»  o-K  la  idd  , 

- >Q_*l  AAQHTC  Q.V,  /  )4J1  *01*>l*0  *Vt-Ol  /  %C  ll  MONU  (  A  v  ,  *  o*  r«i  A  •  »  7  » J  /  ,]||, 


APPROVED  ENGINEERING  TEST  LABORATORIES 


Note  1: 


Specimen  returned  to  about  the  original  shape  and  dimensions 
upon  cooling  to  room  temperature. 


Note  2: 


No  load  indication  on  0-1  lb.  range  (1  division 


0.01  lb. ) 


APPROVED  ENGINEERING  TEST  LABORATORIES 


Francis  Pickell  Sr.  ,  Project  Engineer 


Subscribed  and  sworn  to  before  me  this  3rd  day  of  October  29,  1976. 


•*< 


OFFICIAL  SEAL 
BETTY  MATTESON 

NOTARY  ft/BLJO  -  CALIFORNIA 
ORANGE  COUNTY 
Expire  Oct.  29,  T977 


/Betty^faatteson  ,1  Notary  Public  in  and  for  the  County  of  Orange,  State  of 
California  My^  commission  expires  October  29,  1977. 


rROVID  [NGINffRING  TIST  l  A  BOR  AT  O  R  I  tS  /  lb36  EAST  VALENCIA  /  FULLERTON,  CALtRORNIA  97631  TEL  (7141  879-6110 

A  NtllONH  IICMNIC*;  It  RviCtt  COMF»Nt 


Report  No.  677-1399-5 
P.O.  No.  21893 
Date:  7  September  1976 

Attention:  R.  Shelton 


TESTED  TOR 

S we clow,  Inc. 

12242  Western  Ave. 

Garden  Grove,  California  92645 


1  .  0  T_LST^_SA1'5P_LE 

One  Plastic  Film  Material  marked  Hercules  B503  (Bi-Axially 
oriented  by  Hercules) 

2 . 0  TEST  PERFORMED 

orientation  Release  Stress  per  AST M  D1S04-70 

3  .  C  TEST  RESULTS 

3 . 1  Tested  Parrallel  to  Arrow 

Specimen  Maximum  Temperature  Release 

No.  attained,  °F  _  _Stross_,  psi  Remarks 


1 

325 

311 

i  See 

Note 

1) 

2 

325 

316 

(See 

Note 

1) 

3 

325 

290 

(See 

Note 

1) 

4 

275 

-  209 

(See 

Note 

2) 

5 

Average 

325 

3.18 

(See 

Note 

2) 

Test  Per 

pencil  cular  to  Arrow 

Specimen 
No . 

Maximum  Temperature 
a  ttained ,  °F 

Release 
Stress,  psi 

Rc-ma  rk  s 

1 

325 

287 

( See 

Note 

1) 

2 

325 

267 

(See 

Note 

1) 

3 

325  ■ 

221 

(See 

Note 

1) 

4 

295 

1  26 

(See 

Note 

2) 

C 

Average 

290 

* 

1  2  3 

205  . 

(See 

*  Note 

2) 

01H(  fl  O  VIS'D  f •  S 


APPROVED  ENGINEERING  TEST  LABORATORIES 


Note  1:  Specimen  returned  to  about  the  original  shape  and  dimensions 
upon  cooling  to  room  temperature. 

Note  2:  Specimen  ruptured  upon  attainment  of  maximum  release  stress. 


APPROVED  ENGINEERING  TEST  LABORATORIES 


,-jL. 

Francis  Pickel 1  Sr . ,  Project 


Engineer 


Subscribed  and  sworn  to  before  me  this  3rd  day  of  October  29,  1976. 


dkl 


AETL 


.  ROVED  ENGINEERING  TEST  LABORATORIES  /  1536  EAST  VALENCIA  /  FULLERTON,  CALIFORNIA  92631  /  TEL  1714)  879-6110 

A  NATIONAL  TCCHNICAL  •CMVJCCI  COMPANY 


TESTED  FOR 

Swedlow,  Inc.  Report  No.  677-1738-1 

12242  Western  Ave.  P.O.  No.  23437 

Garden  Grove,  California  92645  Date:  17  January  1977 

Attention:  R.  Shelton 


1.0 

2.0 

3.0 

3.1 


3.2 


TEST  SAMPLE 

One  plastic  Film  Material  marked  Toyoba  P-2102. 
TEST  PERFORMED 

Orientation  Release  Stress  per  ASTM  D1504-70  (*) 


TEST  RESULTS 


Test  Parallel  To  Arrow 


Specimen 
No . 


Maximum  Temperature 
Attained ,  °F _ 


1 

2 

3 

4 

5 

Average 


310 

312 

310 

314 

316 


Tested  Perpendicular  To  Arrow 


Specimen 
No . 

1 

2 

3 

4 

5 

Average 


Maximum  Temperature 
Attained,  °F _ 

314 

312 

310 

312 

318 


Release 
Stress,  psi 

126 

133 

124 

132 

139 

131 


Release 
Stress,  psi 

128 

126 

122 

117 

262  (**) 
151 


OTHE  A  O  I V  i$  iON$ 

LOl  ANCtlfl  OiViS'ON  /  »>>0  »*C|t  I6«Th  ITACCT  /  LOI  ANCIlfi  C»L.t«0«*iA  *004*  f  (fill  M*  J?0» 
VAUfv  O'VUiON  /  fill  C*nOC*  AVInuI  /  C«AU^O«,'4.  «l)|l  t 

l»ucvt  OlV>l*ON  t  J09H  W  GOLDIN  T*lA*CL«  AO  /  1*  t^V  L/V  C*L«'0«WA  91  IkO  /  (1011 


APPROVED  ENGINEERING  TEST  LABORATORIES 


(*)  Except  air  medium  was  used 

(**)  Two  additional  specimens  were  tested,  one  in  same  general  area 

as  specimen  No.  5  and  the  other  one  six  inches  away  from  specimen 
No.  5.  The  results  on  both  tests  were  simular  to  the  results 
obtained  for  specimen  No.  5. 


Subscribed  and  sworn  to  before  me 


Z5 

/Betty iMatteson \ 
of  California. 

,  Notary  Public 
My  commission 

this  17th 

. 


:"cv.  siaa 

BETTY  f.’ATTESON 

NO;*ST*-SnC  CAufORNU 

principal  of  pice  in 

OAI.GE  COUNTY 


C.vn-'s.cn  tiones  Oct  29.  1977 


nimiiiUiituitNliiii 


lmHtlll«IU<HIUN 


in  and  for  the  County  of  Orange,  State 
expires  October  29,  1977. 


dkl 
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Report  No.  677-1738-1 


m 

AETL 


/  •'•PROVED  ENGINEERING  TEST  LABORATORIES  /  1536  EAST  VALENCIA  /  FULLERTON,  CALIFORNIA  92631  /  TEL.  (714)  879.6110 

A  NATIONAL  TIChNiCAL  UNVICII  COmPANT 


TESTED  FOR 


Swedlow,  Inc. 

12242  Western  Ave . 

Garden  Grove,  California  92645 


Report  No.  677-1738-2 

P.O.  No.  23437 

Date:  17  January  1977 


Attention:  R.  Shelton 


TEST  SAMPLE 


One  plastic  Film  Material  marked  Cryovac  X207 . 
TEST  PERFORMED 

Orientation  Release  Stress  per  ASTM  D1504-70  (*) 

TEST  RESULTS 

Test  Parallel  To  Arrow 


Specimen 
No . 


Maximum  Temperature 
Attained,  °F 


Release 
Stress,  psi 


Average 


Tested  Perpendicular  To  Arrow 


Specimen 

No. 


Maximum  Temperature 
Attained,  °F 


Release 
Stress,  psi 


Average 


OlMlB  Q  |  V  <  S  ■  O  N  & 

LOl  ANGtUt  O'ViVON  I  i  1  JO  wCST  JO<tM  ITfttCT  /  LOS  ANGtLf  S  ♦004$  f  iji3»  7  7$  JJ01 
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PF|  3VED  ENGINEERING  TEST  LABORATORIES  /  1536  EAST  VALENCIA  /  FULLERTON.  CALIFORNIA  92631  /  TEL.  (714)  879  GlIO 

I  A  NATIONAL  TICHWICAL  tCftVICCS  COMPANY 
1  • 

'  TESTED  FOR 

Swedlow,  Inc. 

..  1224  2  Western  Ave . 

Garden  Grove,  California  92645 

Attention:  R-  Shelton 


Report  No.  677-1738-3 

P.O.  No.  23437 

Date:  17  January  1977 


1.0 

2.0 

3.0 

3.1 


TEST  SAMPLE 

One  plastic  Film  Material  marked  Hercules  N400,  Type  II. 
TEST  PERFORMED  NOTE:  Film  suspected  to  be  N600 

Orientation  Release  Stress  per  ASTM  D1504-70  (*) 


TEST  RESULTS 

Test  Parallel  To  Arrow 

Specimen  Maximum  Temperature 

No .  Attained,  °F 


Release 


Stress , 


1  206  466 

2  205  428 

3  204  489 

4  204  490 

5  205  470 

Average  469 


Tested  Perpendicular  To  Arrow 

Specimen  Maximum  Temperature  Release 

No ■  Attained,  °F  _  Stress,  psi 


1 

250 

13 

2 

260 

14 

3 

262 

32 

4 

260 

36 

5 

262 

1± 

Average 

21.8 

OTMCW  CMVlSlON* 
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APPROVED  ENGINEERING  TEST  LABORATORIES 


{*)  Except  air  medium  was  used 


APPROVED  ENGINEERING  TEST  LABORATORIES  /' os  P,v'i''7X^Vv 

•  -S  \  \V:> 


‘o  /  y 


Francis  Pickell  Sr . ,  v . E. 
Project  Engineer 


i  *  c  *»  j. 

k .  —  -r 


(\OruV> 

\/ - 

u  ■  u: 


Subscribed  and  sworn  to  before  me  thi'*,.,17.tb....d«iy>..<o.fi...«3£or»uia;ipy,"3^977  . 


■?2u 


BETTY  MATTESON 
I  *ot*«,  *ueuc  c»LifO«M» 

\V-K-WjG'7  PRiNC:P*>.  Of  net  if 

K~^?rZ/y  o 

My  Comnissjcn  bO'.ie>  uc.  ??  d’7 

. . . . . . .1.  *1 H  H 1 1  (III 


on'iCiM  st»* 


Betty/Mattesori ,  Notary  Public  in  and  for  the  County  of  Orange,  State 
of  California.  My  commission  expires  October  29,  1977. 


-  2  - 


Report  No.  677-1738-3 


AETL 


OVF.0  ENGINEERING  TEST  LABORATORIES  /  1536  EAST  VALENCIA  /  F UL LE ATON .  CALIFORNIA  C2631  /  TE L.  ( 71 4)  879-61 10 

A  NATIONAL  TCCHNICAL  *  f  A  V  I  C  t  *  COMPANY 


TESTED  FOR 

Swedlow,  Inc.  Report  No.  677-1738-4 

12242  Western  Ave .  P.0.  No.  23437 

Garden  Grove,  California  92645  Date:  17  January  1977 

Attention:  R.  Shelton 


1 . 0  TEST  SAMPLE 

One  plastic  Film  Material  marked  Mobil  Bicor  #240-Bl. 
2 . 0  TEST  PERFORMED 

Orientation  Release  Stress  per  ASTM  D1504-70  (*) 

3.0  TEST  RESULTS 

3*1  Test  Parallel  To  Arrow 


Specimen 

No. 

Maximum  Temperature 
Attained,  °F 

Release 
Stress,  psi 

1 

332 

85 

2 

329 

75 

3 

330 

72 

4 

329 

69 

C 

330 

70 

Average 

74 

Tested  Perpendicular  To  Arrow 

Specimen 

No. 

Maximum  Temperature 
Attained,  °F 

Release 
Stress,  psi 

1 

326 

330 

2 

328 

347 

3 

3  24 

320 

4 

326 

331 

5 

326 

322 

Average  330 


9  OTHER  DIVISIONS 

\  EOS  ANf.tl  ti  DlV'ilON  /  S  170  |0<f«  JIRflT  /  «  OS  ANf.l  Eli,  C  :A  OANlA  /  tllll  »»»>  >702 
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SAutus  oiv'is>ON  /  ;ohi  «•  co<.ot^  tsiancii  no  /  SAuUrt  caliio«nia  si  iso  /  i»oii  7’.*  iih 
ca^ioania  ttir  un>  oiv.  /  )«}}  aoi  •  t  *»o  Avt.  f  jo  Cl  C.  c *  t  i  >  >1  /  ai»  ;n  m> 

50.  IL  wQNtt  OlV.  /  IOI  »Ot«tAO»VCVUl  i  SO  C«_  MONK.  CAL|fO«NlA  1|I»  /  (71)]  <««  mi 
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APPROVED  ENGINEERING  TEST  LABORATORIES 


(*)  Except  air  medium  was  used 


APPROVED  ENGINEERING  TEST  LABORATORIES  ? . C 


x  \  ::■ 

l  \ 


Francis  Pickell  Sr. ,  P.E. 
Project  Engineer 


cj 


■•"v- 


O' ;  M  ^  / 


Subscribed  and  sworn  to  before  me  this  17th  day  of .. Jan uarv.l, $.7„1 


c:n  ilM 

BETTY  MATTESON 
NQ1>*T  ?jplic  CAUfOHNDK 

PH'.NCP/U  Jffict  :N 
CyanOC  COUNTY 

:  err  Eicne>  ucl  29.  '.977 


. . . 


'Betty /ftatteson,  Notary  Public  in  and  for  the  County  of  Orange,  State 
of  California-  My  commission  expires  October  29,  1^77. 
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Report  No.  677-1738-4 


oveo 


AfcTL 


ENGINEERING  TEST  LABORATORIES  /  1S3S  EAST  VALENCIA  1  FULLERTON,  CALIFORNIA  92631  /  TEL.  (7141  879-6110 

A  NATIONAL  TECHNICAL  COMPANY 


TESTED  FOR 

Swedlow,  Inc. 

12242  Western  ave. 

Garden  Grove,  California  92645 

Attention:  R.  Shelton 


Report  No.  677-1738-5 

P.O.  No.  23437 

Date:  17  January  1977 


1.0 


2.0 


3.0 

3.1 


3.2 


TEST  SAMPLE 

One  plastic  Film  Material  marked  G.E.  Capacitor  Grade. 


TEST  PERFORMED 


Orientation  Release  Stress  per  ASTM  D1504-70  (*) 


TEST  RESULTS 

Test  Parallel  To  Arrow 


Specimen 

No. 


1 

2 

3 

4 

5 

Average 


Maximum  Temperature 
Attained,  °F 

325 
3  28 

326 

327 
326 


Tested  Perpendicular  To  Arrow 

Specimen  Maximum  Temperature 

No .  Attained,  °F  _ 


1 

2 

3 

4 

5 

Average 


323 

319 

321 
319 

322 


Release 
Stress,  psi 

204 

184 

175 

201 

186 

190 


Release 
Stress,  psi 


331 

323 

331 

311 

323 

324 


QTh[R  DIVISIONS 

EOS  *NCIL£»  OlViJiON  /  >3/0  will  I04TH  >T  f*(  (T  /  E.O>  *00 •>  /  I/JJJ 
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CALIFORNIA  T  C  4  T  LAIL  DlV.  /  J  •  11  AOI  «  C  BO  A  Vt  .  /  *3  C  L  WON1  f.  .'A  II  Ml  /  |7I)|  ]t)  Kit 
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(*)  Except  air  medium  was  used 
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.PPROVED  ENGINEERING  TEST  LABORATORIES 

A  NATIONAL  TCCNNICAL  »CWVlC«i  COMPANY 


AETL 


1536  EAST  VALENCIA  I  FULLERTON,  CALIFORNIA  92631  /  TEL.  (714)  879-6110 


TESTED  FOR 

Report  No.  677-1738-6 
P.O.  No.  23437 
Date:  17  January  1977 

Attention:  R.  Shelton 


Swedlow,  Inc. 

12242  Western  Ave . 

Garden  Grove,  California  92645 


1.0 


2.0 


3.0 


3.1 


3.2 


TEST  SAMPLE 

One  plastic  Film  Material  marked  Hercules  B500. 
TEST  PERFORMED 


Orientation  Release  Stress  per  ASTM  D1504 

-70  (*) 

TEST  RESULTS 

Test  Parallel 

To  Arrow 

Specimen 

No. 

Maximum  Temperature 
Attained,  °F 

Release 
Stress,  psi 

1 

330 

295 

2 

335 

288 

3 

333 

288 

4 

334 

290 

5 

332 

281 

Average 

288 

Tested  Perpendicular  To  Arrow 

Specimen 

No . 

Maximum  Temperature 
Attained,  °F 

Release 
Stress,  psi 

1 

325 

303 

2 

328 

308 

3 

324 

286 

4 

325 

2  9  Q 

5 

322 

301 

Average 

298 
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APPROVED  ENGINEERING  TEST  LABORATORIES 


(*)  Except  air  medium  was  used 
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PROVED  ENGINEERING  TEST  LABORATORIES  /  1536  EAST  VALENCIA  /  FULLERTON,  CALIFORNIA  92631  /  TEL.  (7141  879-6110 


A  NATIONAL,  TECHNICAL  ICRVlCCl  COMPANY 


TESTED  FOR 


Swedlow,  Inc. 

12242  Western  Ave. 

Garden  Grove,  California  92645 


Report  NO.  677-1738-7 

P.O.  No.  23437 

Date:  17  January  1977 


Attention:  R.  Shelton 


TEST  SAMPLE 


One  plastic  Film  Material  marked  Trea  SK  300-2 
TEST  PERFORMED 

Orientation  Release  Stress  per  ASTM  D1504-70  (*) 

TEST  RESULTS 

Test  Parallel  To  Arrow 


Specimen 

No. 


Maximum  Temperature 
Attained,  °F _ 


Release 
Stress , 


Average 


Tested  Perpendicular  To  Arrow 


Specimen 
No . 


Maximum  Temperature 
Attained,  CF 


Release 
Stress,  psi 


Average 
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(*)  Except  air  medium  was  used 
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A  NATIONAL  TECHNICAL  •(NVICI*  CONNANT 


I  TESTED  FOR 

?  Swedlow,  Inc. 

^  12122  Western  Ave . 

Garden  Grove,  California  92642 


Report  No.  877-3066-1 

P.O.  No.  31466 

Date:  18  September  1978 


1.0  TEST  ITEM 

One  Plastic  Film  Material  Marked  Diamond  Shamock  #NB-81-59-3. 
2.0  TEST  PERFORMED 

Orientation  Release  Stress  per  ASTM  D150420,  except  air  medium 
was  used. 


TEST  RESULTS 


Tested  Parallel  to  Direction  of  Isotroplvs 


Specimen 

No. 


Maximum  Temperature 
Attained,  °F 


^*ientation 
Please  Stress, 


1  276 

2  274 

3  265 

4  257 

5  260 

Average  266 


706 

738 

663 

586 

588 

656 


Tested  Normal  To  Direction  of  Isotroph} 


1 

275 

1.2 

2 

273 

1.1 

3 

270 

.8 

4 

272 

1.5 

5 

270 

1.2 

Average 

272 

1.2 
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A  NATIONAL  TICHNICAL  flSAVICtt  COMTANT 


TESTED  FOR 

Swedlow,  Inc. 

12122  Western  Ave. 

Garden  Grove,  California  92642 


Report  No.  877-3066-2 

P.0.  No.  31466 

Date:  18  September  1978 


1.0  TEST  ITEM 

One  Plastic  Film  Material  Marked  Hercules  #EK500 
2 . 0  TEST  PERFORMED 

Orientation  Release  Stress  per  ASTM  D150420,  except  air  medium 
was  used. 


3.0  TEST  RESULTS 


3.1 


Tested  Parallel  to  Direction  of  Isotrophy 


Specimen 
No . 


Max -mum  Temperature 
Ate  ined,  °F _ 


Orientation 
Release  StreF  .» ,  £ 


1  . 

2  325 

3  330 

4  332 

5  335 

Average  331 


262 

263 

275 

239 

242 

254 


3 . 2  Tested  Normal  To  Direction  of  Isotrophy 


1 

2 

3 

4 

5 

Average 


312 

329 

320 

325 

322 

322 
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L 


TESTED  FOR 


Swedlow,  Inc. 

12122  Western  Ave. 

Garden  Grove,  California  92642 


Report  No.  877-3066-3 

P.0.  No.  31466 

Date:  18  September  1978 


1.0  TEST  ITEM 


One  Plastic  Film  Material  marked  El  Rexene  #PP-41-6300-4l53 
2 . 0  TEST  PERFORMED 


Orientation  release  stress  per  ASTM  D150420,  except  air  medium  was 
used. 


3.0 


TEST  RESULTS 


3 . 1  Tested  Parallel  to  Direction  of  Isotrophy 


Specimen 
No . 


Maximum  Temperature 
Attained,  °F  _ 


Orientation 
Release  Stress, 


psi 


1 

2 

3 

4 

5 


293 

295 

290 

285 

290 

291 


3.2 


Average 

Tested  Normal  To  Direction  of  Isotrophy 


606 

681 

633 

556 

597 

615 


Specimen 

No. 


Maximum  Temperature 
Actained,  °F _ 


Orientation 
Release  Stress,  psi 


1 

2 

3 

4 

5 


Average 


305 

300 

300 
295 
305 

301 
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TESTED  FOR 

Swedlow,  Inc.  Report  No.  977-3505 

12122  Western  Ave.  P.O.  No.  34943 

Garden  Grove,  California  92645  Date:  26  March  1979 


1.0  TEST  ITEM 

One  Plastic  Film  Material  marked  Hercules  EK-500 

2.0  TEST  PERFORMED 

Orientation  release  stress  per  ASTM  D1504-7Q,  except 
air  medium  was  used. 
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4.0 


PROCEDURE 


1.0 


scope: 


This  procedure  establishes  the  method  to  be  used  by  Swedlow  in 
determining  the  optimum  processing  conditions,  with  a  minimum 
number  of  experiments,  for  Transparent  Polyolefin  Film  Armor. 

The  procedure  to  be  used  will  be  a  two  factorial  experimental 
plan  where  three  factors  (temperature,  pressure  and  time)  are 
evaluated  at  three  different  levels. 

2.0  REFERENCES 

1.  Contract  Number  DAAG-46-76-C-0034,  Amendment  Number  P00001 . 

2.  Box,  G.E.P.  and  Behnken  O.W.  "Some  New  Three  Level  Designs 
for  the  Study  of  Quantitative  Variables",  Technometrics  2_, 
pp  455-475  (1960). 

3.  The  Design  and  Analysis  of  Industrial  Experiments,  Second 
Edition,  Edited  by  0.  L.  Davies. 

3.0  BACKGROUND 

Prior  to  any  experimental  work,  parameters  were  established  by 
AMMRC  as  guidlines  for  Task  III,  (Ref.  1.,  paragraph  F-2.2.3.2). 
These  preliminary  guidelines  are  shown  in  Table  1. 


TABLE  1 


PRELIMINARY  GUIDELINES 
FOR  TASK  III 


ITEM 

UNITS 

LOW 

HIGH 

a) 

Temperature 

°F 

300 

380 

b) 

Pressure 

PSI 

100 

8000 

c) 

Time 

Minutes 

20 

60 

We  believe  that  these  molding  guidelines  should  be  modified  to 
a  mgre  meaninful  span.  Tests  to  date  indicate  that  molding  at 
300  F  does  not  allow  lamination  to  take  place,  while  380°F  is  in 
the  melt  region  allowing  excessive  flow  and  loss  of  clarity. 
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m 


4 


Results  of  the  moldings  of  EK  500  film  for  Task  II  indicates  that 
increasing  temperature  generally  decreases  the  light  transmission 
and  increases  the  haze,  ihis  can  be  seen  in  Figure  1.  It  can 
also  be  noted  that  the  maximum  light  transmission  and  minimum 
haze  are  obtained  when  the  maximum  molding  temperature  is 
slightly  below  the  crystalline  melting  point  of  the  EK  500  film, 
which  is  333°F. 


The  range  of  pressure  desired  seems  to  be  excessive,  especially 
since  a  two  level  factorial  program  loses  accuracy  rapidly  as  the 
range  of  parametric  variation  increases. 


It  also  seems  that  the  time  element  could  be  reduced, 
adhesion,  commensurate  with  ballistics  resistance,  has 
obtained  with  somewhat  less  time  at  temperature. 


Adequate 

been 


!  AVuWsGt  i  t  IAAE: 


4.0 


PROCEDURE 


Based  on  the  data  obtained  to  date  with  molding  EK500  film, 
and  a  discussion  with  the  C.O.R.,  we  have  established  a  new 
set  of  guidlines,  resulting  in  the  Box-Behnken  Design, 
(Paragraph  11.2,  of  Ref.  2),  shown  in  Table  2.  (Table  2 
reflects  the  new  range  of  independent  variables  as  agreed 
upon. 

TABLE  2 


INDEPENDENT  VARIABLES 


ITEM  UNITS 

LOW 

MIDDLE  HIGH 

a) 

Temperature  °F 

300 

330  360 

b ) 

Pressure  PSI 

100 

1550  3000 

c) 

Time  Minutes 

1 

30  60 

DEPENDENT  VARIABLES 

ITEM 

UNITS 

TEST  METHOD 

d) 

Light  Transmission 

o/ 

to 

ASTM-D-1003 

e) 

Haze 

u 

to 

ASTM-D-1003 

f) 

Ball i sties 

V50 

MI L-STD-662 

g) 

Interlaminar  Shear 

PSI 

MI L-P-25690 ,  Para 

h) 

Resistance  to  Debonding 

- 

ASTM-D-756 ,  Proc. 

i) 

Deviation 

Minutes 
of  Arc 

ASTM-D-881 -48 

j) 

Thickness 

Inches 

ASTM-D-374 

As  a  result,  the  "Experimental  Schedule",  shown  in  Table  3,  is 
proposed.  (This  experimental  schedule  follows  that  shown  in 
Table  11.1a  of  Ref.  2) . 


.6.9 
( -57°C ) 


TABLE  3 


EXPERIMENTAL  SCHEDULE 


RUN  NUMBER 

TEMPERATURE 
(  r  ) 

PRESSURE 

(PSI) 

TIME 

(MINUTES) 

1 

330 

1550 

30 

2 

360 

100 

30 

3 

360 

1550 

60 

4 

300 

3000 

1 

5 

300 

3000 

30 

6 

300 

1550 

1 

7 

360 

3000 

30 

3 

330 

1550 

30 

9 

300 

100 

30 

10 

300 

1550 

60 

11 

330 

3000 

60 

12 

330 

TOO 

60 

13 

360 

1550 

1 

14 

330 

100 

1 

15 

330 

1550 

30 

The  run  data  will  be  recorded  on  run  sheets  shown  in  Figure  2. 


At  the  completion  of  one  test  sequence,  (runs  i  thru  15  of  Table  3), 
the  samples  will  be  measured  for  the  dependent  variables  d)  and  e) 
of  Table  2.  The  molded  samples  will  then  be  delivered  to  AMMRC 
for  ballistics  evaluation.  These  results  (including  ballistics), 
will  then  be  analyzed,  informally,  and  if  necessary,  adjustment 
of  some  factor  levels  will  be  made  or  individual  points  will  be 
moved  slightly. 

Based  on  the  results  obtained,  a  second  test  sequence  may  be  made. 

If  a  second  test  sequence  is  necessary,  the  samples  will  be  eval¬ 
uated  as  described  above. 

The  results  obtained  from  the  one  or  two  test  sequences  will  provide 
a  basis  for  selecting  an  optimum  molding  cycle.  The  data  will  be 
recorded  as  shown  iri  Table  4. 
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TABLE  4 


RUN 

NUMBER 

a 

TEMP 

b 

PRESS 

c  d  e  f 

TIME  LIGHT  TRANS  HAZE  BALLISTICS 

1 

0 

0 

0 

2 

+ 

- 

0 

3 

0 

+ 

4 

- 

+ 

- 

5 

- 

+ 

0 

6 

- 

0 

•• 

7 

+ 

+ 

0 

8 

0 

0 

0 

9 

- 

- 

0 

10 

- 

0 

+ 

11 

0 

+ 

+ 

12 

o 

- 

+ 

13 

+ 

0 

- 

14 

0 

- 

- 

15 

0 

0 

0 

The 
11 . 

optimum  molding  cycle  will  be  selected  as  follows.  (Paragraph 
5  of  Ref.  2). 

0 

A  three-dimensi 
the  observed  d) 
appropriate  poi 
is  highest  and 

onal  cube  will  be  drawn,  in  perspective,  and 
,  e),  and  f)  values  will  be  entered  at  the 
nts.  The  points  where  the  observed  response 
lowest  will  be  noted. 

0 

The 
i  s 
c) 

ing 

point  or  points  at  which  the  best  combination  of  response 
found  will  be  identified.  The  corresponding  a),  b) ,  and 
combinations  should  be  good  estimates  of  the  best  operat- 
conditicns  of  the  process. 

The 

selected  cycle, 

(optimum),  will  be  utilized  to  produce 

approximately  six  moldings.  Three  will  be  tested  by  Swedlow  tc 
the  requirements  of  Table  2,  dependent  variables  d),  e),  g),  h)  , 
i)»  and  j);  and  three  will  be  delivered  to  AMMRC  for  ba’listics 
testing  (Table  2,  f ) . 
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PRESS  LAMINATION  REPORT  -  EK500  FILM 
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1.0  SCOPE 

1.1  This  specification  is  for  use  in  the  procurement  of  clear,  color¬ 
less,  heat-set  biaxially  oriented  polypropylene  homopolymer  film. 

It  specifies  the  requirements  the  material  must  meet  to  be 
acceptable  for  the  production  of  transparent  film  armor  and  provides 
the  receiving  inspection  procedure  and  test  methods  to  be  employed 
in  assuring  conformance  to  the  requirements  of  this  specification. 

2.0  REFERENCES 

2.1  ASTM  Standards  -  Methods  of  Testing. 

3.0  REQUIREMENTS  ANQ  TEST  METHODS 

3.1  The  biaxially  oriented  polypropylene  film,  as  received,  shall 

conform  to  the  requirements  of  Table  1. 

3.2  Conformance  to  the  requirements  of  Table  1  will  be  determined 
by  the  test  methods  shown  in  the  same  table. 

4.0  RECEIVING  INSPECTION 

NOTE:  Do  not  handle  polypropylene  film  with  bare  hands.  Use 
clean,  disposable,  polyethylene  gloves  at  all  times. 

4.1  Two  samples  of  the  film  material  will  be  taken  from  one  roll  and 

one  sample  will  be  delivered  to  the  test  laboratory  for  evaluation. 

4.2  Evaluation  will  consist  of  the  tests  and  methods  shown  as  Items  1 

through  9  in  Table  1 . 

4.3  If  the  first  film  sample  meets  the  requirements  of  Items  1  through 

9  of  Table  1,  the  second  sample  will  be  sent  to  an  outside  qual¬ 
ified  test  laboratory  for  determination  of  the  Orientation  Release 

Stress,  Item  10  of  Table  1. 

5.0  ACCEPTANCE 

5.1  After  arrival,  the  film  jhall  be  impounded  until  released  by  the 
Receiving  Inspection  Department. 

5.2  Upon  release  of  the  Acceptance  Report  from  the  test  laboratory, 
the  Receiving  Inspection  Department  shall  approve  release  of  the 
film  for  production. 

6.0  RETEST 

6.1  If  the  film  sample  fails  to  meet  all  the  requirements  of  Table  1, 
a  second  sampling  may  be  taken. 

6.2  If  the  second  film  sampling  passes  all  the  requirements  of  Table  1, 
the  film  shall  be  approved  as  noted  in  Section  5.0. 
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7.0  REJECTION 

7.1  Failure  of  the  second  film  sample  to  meet  all  the  requirements 
of  Table  1  shall  be  cause  for  rejection. 


E. 


TABLE  1 


ORIENTED  POLYPROPYLENE  FILM 
REQUIREMENTS  AND  TEST  METHODS 


Item 

Property 

Test  Method 

Requi remen t 

1 

Thickness,  Inches 

ASTM  D-374 

0.001  (1) 

2 

Mel  ting  Point  °C  (°F) 

ASTM  D- 221 7 

167  (332.6) 

(1) 

3 

Specific  Gravity 

ASTM  D- 792 

0.902  (1) 

4 

Water  Absorption,  % 

ASTM  D-570 

<  0.005 

5 

Light  Transmission,  % 

ASTM  D- 1 003 

>91.0 

6 

Haze,  % 

ASTM  D- 1 003 

<  2.0 

7 

Tensile  Strength ,  PSI 

ASTM  D-882 , 
Method  A 

30,000  Machine 
and  Transverse 

(1) 

8 

Tensi le  Modulus ,  PSI 

ASTM  D-882, 
Method  A 

350,000  Machine 
and  Transverse 

(1) 

9 

Elongation,  % 

ASTM  D-882, 
Method  A 

70-100 

10 

Orientation 

Release  Stress 

Temperature,  °F 

Release  Stress ,  PSI 

ASTM  D- 1 504 

300  Minimum 

200  Minimum 
150  Minimum 

machine, 

transverse 

(1) 


Manufacturers '  tolerance  apply. 
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1-.0  SCOPE 

1.1  This  process  specification  describes  the  materials  and  procedures 
required  for  converting  polyolefin  film  into  bonded  sheet  having 
good  ballistic,  optical  and  resistance  to  debonding  characteristics. 

2.0  REFERENCES 

2.1  Orawi nqs 

2.1.1  AHMRC 

CO-1  Transparent  Polypropylene  Film  Windows 

2.1.2  Swe  d 1 ow 

77050  Assembly-Chase  Mold  (12"  x  12")  -  AMMRC 
Transparent  Armor  Test  Plaques 

80025  Assembly-Chase  Mold  -  AMMRC 
Transparent  Armor  Windows 

2.2  Other 

ASTM  Standards  -  Methods  of  Testing 

Federal  Standard  209  -  Clean  Room  and  Work  Station  Requi rements  , 
Controlled  Environment. 

3 . 0  REQUIREMENTS  -  FILM 

3.1  A  clear,  colorless,  heat-set,  biaxially  oriented  polypropylene 

horr.opolymer  fi ',m  meeting  the  requirements  of  Material  Procurement 
Specification  ER-990. 

4 • 0  REQUIREMENTS  -  MOLDED  SHEET 

4.1  After  converting,  the  molded  sheet  shall  conform  to  the  Requirements 
of  Table  1 . 

4.2  Conformance  to  the  requi  'vments  of  Table  1  will  be  determined  by  the 
test  Methods  shown  in  the  same  table. 

4.3  The  melded  sheet  shall  be  free  of  delamination. 

4.4  Optical  defects  such  as  inclusions,  wrinkles,  rol1  flaws,  die  lines  or 
orange  peel  shall  not  be  grouped  in  such  a  manner  as  to  cause  vision 
impai  rment. 

4.5  The  maximum  deviation,  line  of  sight,  shall  not  exceed  the  limit 
shown  in  Table  1  except  for  an  area  within  two  inches  of  the 
trimmed  edge,  where  such  requirements  shall  be  disregarded. 
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5.0  MATERIALS 

5.1  The  following  material  shall  become  the  finished  product. 

5.1.1  Clear,  biaxially  oriented  polypropylene  film  as  described  in 

paragraph  3.1. 

5.1.2  A  transparent  abrasion  resistant  protective  coating. 

Source:  See  paragraph  7.5.6 

5.2  The  following  materials  are  not  incorporated  into  the  finished 
product,  but  are  required  for  part  preparation. 

5.2.1  Bleached  cheesecloth  - 

Source:  Industrial  Textiles 
Los  Angeles ,  Ca. 

5.2.2  Capron  80,  0.002  inch  thick,  80  inch  wide  roll. 

Source:  Allied  Chemicals 
Los  Angeles,  Ca. 

5.2.3  Vacuum  Bag  Sealer.  Vac-Seal  Type  1191  (Zinc  Chromate,  green, 
1/8  inch  by  1/2  inch  by  length). 

Source:  Hastings  Plastics 
Santa  Monica,  Ca. 

5.2.4  Isopropyl  Alcohol,  reagent  grade. 

Source:  Van  Waters  and  Rogers 
Norwflk,  Ca. 

5.2.5  Masking  Tape.  3M  209,  Pentacel  P-70,  or  equal. 

5.2.6  Gloves,  polyethylene,  disposable. 

5.2.7  Masking  Paper:  St.  Regis  WPL-3 

Source:  St.  Regis,  Sherman  Division 
Los  Angeles,  Ca. 
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5.2.8  Vacuum  81eeder  Material.  NN  121 
synthetic  cloth. 

Source:  J.  P.  Stevens,  Inc. 

Garfield,  New  Jersey 

6.0  EQUIPMENT 

6.1  Vacuum  Pump 

6.1.1  A  heavy  duty  vacuum  pump,  capable  of  maintaining  a  minimum  of 
24  inches  of  mercury  vacuum,  shall  be  required  as  part  of  the 
drying  equipment. 

6.2  Laminating  Mold. 

6.2.1  The  laminating  mold  shall  be  of  aluminum  construction  in  accordance 
with  the  design  in  drawings  77050  and  80025. 

6.3  Polish  Plates. 

6.3.1  Chrome  on  Brass,  mi rror  finish  one  side. 

Source:  Wei  land  America  Inc. 

Orange,  New  Jersey 

6.4  Anti-Static  Bar. 

6.4.1  3M  Number  210  or  equal. 

6.5  Anti -Static  Air  Nozzle. 

6.5.1  3M  Number  902  or  equal. 

7.0  MANUFACTURING  PROCESS 

NOTE:  1.  Do  not  handle  polyolefin  film  or  molded  sheet  with 

bare  hands.  Use  clean,  disposable,  polyethylene  gloves 
at  all  times. 

2.  Film  layup,  mold  and  press  polish  plate  cleaning,  and 
assembly  for  molding  shall  be  accomplished  in  a  clean 
room,  class  100,000  or  better,  in  accordance  with 
Federal  Standard  209. 

7.1  Fi 1m  Layup. 

7.1.1  Withdraw  a  roll  of  EK-500  film  from  stores  and  have  slit  to  the 
required  size.  (A  minimum  of  two  inches  greater  than  the  final 
molded  size  has  been  found  acceptable.) 

One  method  of  roll  set-up  for  film  takeoff  is  illustrated  in 
Figure  1. 


7.1.2 
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7.1.3  Wind  a  convenient  number  of  plies  of  EK-500  film  on  a  winding 

mandrel.  (Fifty  plies  has  been  found  to  be  a  convenient  number). 
Lay  the  EK-500  film  on  a  clean  piece  of  EK-500.  Continue  the 
winding  and  layup  until  the  required  number  of  plies  are 
attained  as  shown  below.  Between  successive  layups  blow  off  the 
film  using  an  anti-static  air  nozzle. 


Nomi nal 

Thickness  (Inches) 

Weight 

Ounces/Square  Foot 

Approximate  Number 
of  Plies  of  EK-500 

0.264 

20.0 

264 

0.094 

7.12 

94 

0.313 

23.71 

313 

When  laying  up  the  film,  add  ten  plies  of  film  to  each  side. 

These  extra  plies  of  film  are  to  aid  in  preventing  contamination 
and  are  removed  prior  to  molding. 

7.1.4  When  the  required  number  of  plies  has  been  attained,  cover  wrap  the 
unit  with  clean,  dry  EK-500  film. 

7.2  Oeaeration. 

7.2.1  Place  wrapped  unit  on  a  flat  plate.  Place  bleeder  material 
around  the  edge  of  the  unit. 

7.2.2  Adhere  vacuum  bag  sealer  tape  number  1191  to  the  plate  approximately 
two  inches  outside  and  around  the  bleeder  material. 

7.2.3  Cut  a  piece  of  capron  film  at  least  six  inches  oversize,  and  lay  up 
on  top  of  the  unit. 

7.2.4  Remove  the  waxed  release  paper  from  the  vacuum  sealer  tape  and 
adhere  the  capron  film  to  fit  loosely  over  the  unit.  Make  pigtails 
where  there  is  excess  capron. 

7.2.5  Apply  vacuum,  20-24  inches  of  Mercury,  for  a  minimum  of  eight  hours. 

7.3  Trirming. 

7.3.1  After  deaeration,  use  a  power  shear  and  trim  the  wrapped,  compressed 
unit  to  the  required  molding  size.  (The  molding  size  is  0.031  inches 
less  than  the  inside  dimension  of  the  mold.) 

Leave  the  protective  EK-500  film  on  the  unit  during  trinming.  Take 
all  precautions  to  prevent  contamination. 

7.3.2  After  trinming,  immediately  rewrap  unit  with  clean,  dry  EK-500  film. 

7.4  Drying. 
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7.4.1  Repeat  paragraphs  7.2.1  through  7.2.4. 

7.4.2  Apply  vacuum,  20-24  inches  of  Mercury,  for  a  minimum  of  twelve 
hours . 

7.4.3  Care  must  be  taken  to  keep  stack  edges  square. 

7.5  Preparation  for  Molding. 

7.5.1  Polish  plates. 

7. 5. 1.2  Thoroughly  clean  the  press  polish  plates.  Blow  off  all  foreign 
material  with  an  anti-static  air  nozzle.  Clean  the  press  polish 
plate  with  clean  cheesecloth  saturated  with  Isopropyl  Alcohol. 

Wipe  with  clean  dry  cheesecloth  and  repeat. 

7.5.2  Mold. 

7.5.2. 1  Thoroughly  clean  the  mold  using  the  same  procedure  as  described 
in  paragraph  7.5. 1 .2. 

7.5.3  Assembly 

7. 5. 3.1  Place  one  press  polish  plate  in  the  bottom  portion  of  the  mold, 

polish  surface  up. 

7. 5. 3. 2  Remove  the  unit  of  EK-500  from  under  vacuum  and  transport  to  uie 
clean  room  for  stripping  and/or  weighing. 

7. 5. 3. 3  Remove  the  protective  EK-500  film  arid  the  required  number  of  plies 
evenly  from  each  side,  to  achieve  the  nominal  thickness/weight  as 
shown  in  paragraph  7.1.3. 

7. 5. 3. 4  Place  the  EK-500  unit  on  the  press  polish  plate. 

7. 5. 3. 5  Position  a  thermocouple  wire  in  the  unit,  mid-stack,  no  more  than 
one-fourth  inch  in  from  the  edge.  Secure  to  the  mold  with  masking 
tape, 

7.5. 3.6  Place  the  second  press  polish  plate  on  top  of  the  unit,  polish 
surface  down. 

7.5.3. 7  Place  the  top  portion  of  the  mold  on  the  top  press  polish  plate. 

(A  sectional  view  of  the  molding  assembly  is  shown  in  Figure  2). 

Mol  ding 

NOTE:  All  molding  data  to  be  recorded  every  five  minutes  on  a  run 
sheet  as  shown  in  Figure  3. 


7.5,4 
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7.5.4. 1 

7.5.4. 2 

7.5.4. 3 

7. 5. 4. 4 

7. 5. 4. 5 

7. 5. 4. 6 

7.5.4. 7 

7. 5.4. 8 

7.5.5 
7.5.5. 1 


7.5.6 

7. 5. 6.1 

7. 5. 6. 2 


7.5.7 

7.5. 7.1 

7.5.  7.2 

7.5.3 
7.5.  8.1 

7. 5. 8. 2 


Load  the  assembly  into  a  cold  press.  (Platen  temperature  <_  100°F). 

Attach  the  thermocouple  wire  to  the  potentiometer. 

Close  the  press  and  set  the  pressure  to  2000  PSI. 

Turn  on  the  steam  to  the  press  platens  until  the  mid-stack  temper¬ 
ature  reaches  +  330°F.  Maintain  a  mid-stack  temperature  of  +  330°F, 
+  5°F  -0°F  for  thirty  minutes. 

Turn  the  steam  pressure  off  and  hold  for  ten  minutes. 

Force  cool  the  assembly  by  passing  water  through  the  press  platens 
until  the  mid-stack  temperature  is  <  100°F. 

Release  pressure  and  remove  mold  from  the  press. 

Remove  molded  EK-500  unit  from  mold  and  identify  with  a  serial 
number. 

Quality  Control. 

Quality  Control  shall  visually  inspect  the  molded  unit  for  voids, 
unbonded  areas,  general  optical  quality,  luminous  transmittance, 
haze  and  thickness. 

Protective  Coating. 


Units  acceptable  from  paragraph  7. 5. 5.1  shall  have  both  surfaces 
coated  with  an  abrasion  resistant  protective  coating. 

The  materials  and  process  used  for  applying  the  protective  coat¬ 
ing  was  developed  prior  to  this  contract  and,  as  such,  is  not 
a  part  of  this  process  specification.  Protective  coating  cap¬ 
ability,  including  the  process  and  facilities,  is  currently 
available  from  several  transparency  fabricators. 

Quality  Control. 

Quality  control  shall  inspect  the  molded  units  with  protective 
covers  as  specified  in  paragraph  7. 5. 5.1. 


Acceptable  units  shall  be  machined  to  the  triangular  shape  as  shown 
in  AMMRC  Drawing  CD-I,  as  follows. 

Machining. 

The  molded  unit  is  protected  on  each  surface  with  WPL-3  protective 
paper. 

The  molded  unit  is  band  sawed  one-inch  oversize,  to  the  approximate 
shape  of  the  window. 
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7.5.S.3  The  window  is  machined  to  final  dimensions  as  fellows. 

7. 5. 8. 3.1  To  prevent  delamination,  a  0.125  inch  thick  sheet  of  acrylic  is 
placed  on  each  side  of  the  molded  panel.  Sufficient  pressure  is 
applied  to  prevent  slipping.  Routing  is  then  accomplished  with  an 
18000  RPM  hand  held  router  using  a  0.500  inch  diameter,  two  flute 
carbide  inlaid  router  bit. 

7.5. 8.3.2  The  machined  panel  is  then  submitted  to  Quality  Control. 

7.5.9  Quality  Control 

7. 5. 9.1  Quality  Control  shall  determine  compliance  with  the  drawing 

dimensions . 

7. 5. 9. 2  Quality  Control  shall  determine  compliance  with  Items  1 ,2,3,4 

and  8  of  Table  1 . 

7. 5.9. 3  Every  tenth  unit  shall  be  tested  to  determine  compliance  with 
Items  5  and  6  of  Table  1 . 

7. 5. 9. 4  Compliance  to  Item  7  of  Table  1  is  to  be  determined  by  the  Army 
Materials  and  Mechanics  Research  Center  (AMMRC) . 

8.0  PACKAGING/DELIVERY 


The  completed  unit  shall  be  protected  by  sealing  in  a  0.002  inch 
polyethylene  film  envelope  and  delivered  to  the  customer. 
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TABLE  1 

MOLDED  POLYOLEFIN  FILM  ARMOR 
REQUIREMENTS  AND  TEST  METHODS 


Item 

Property 

Test  Method 

Requi rement 

I 

2 

Weight,  Ounces/Foot 

— 

Paragraph  7.1.3 

2 

Light  Transmission,  % 

A  STM  D- 1 003 

>  82.0 

3 

Haze,  % 

A STM  D- 1 003 

<  4.0 

4 

Maximum  Devi ation , 

Line  of  Sight-Minutes 
of  Arc 

A  STM  D- 881 -48 

<  7.0 

5 

Resistance  to 

Debondi  rig 

ASTM  D- 756 
(Procedure  E, 

-57°C  Low  Temperature) 

Minimum  of  5 

Cycles  without 

Debondi ng 

6 

Interlaminar  Shear 
Strength,  PSI 

MIL-P-25690 , 

Paragraph  4.6.9 

>  1000 

7 

Ballistics,  V5Q 

MIL- STD-662 

Maximum 

8 

Thi ckness 

ASTM  D- 374 

±  5% 

a 'Wtwr-r.; 


POUSVI 

PLATES 


PL/VHS 


MOLDING  ASSEMBLY 
FIGURE  2 
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APPENDIX  F 


DRAWINGS 


AMMRC 

CD-I  Transparent  Polypropylene  Film  Windows 


SWCDLOW,  Inc. 

77050  Assembly  -  Chase  Mold  (12"  x  12")  -  AMMRC. 

Transparent  Armor  Test  Plaques 


80025  Assembly  -  Chase  Mola  -  AMMRC  Transparent 
Armor  Windows 
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1  ATTN:  AFWAL/MLTN 
1  AFWAL/MLTM 

1  AFWAL/MLTH 

1  AFWAL/MLTC 

National  Aeronautics  and  Space  Administration,  Washington,  D.C.  20546 
1  ATTN:  AFSS-AD,  Office  of  Scientific  and  Technical  Information 

National  Aeronautics  and  Space  Administration,  Marshall  Space  Flight 
Center,  Huntsville,  Alabama  35812 
1  ATTN:  R.  J.  Schwinghammer,  EH01,  Dir.,  M§P  Lab 
1  Mr.  W.  A.  Wilson,  EH41,  Bldg.  4612 

1  Metals  and  Ceramics  Information  Center,  Battel le  Columbus  Laboratories, 
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Director,  jinny  Materials  and  Mechanics  Research  Center, 
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Commander,  U.S.  Army  Natick  Research  and  Development  Laboratories, 

Natick,  Massachusetts  01760 
1  ATTN:  DRDNA-Z 

Commander,  U.S.  Army  Test  and  Evaluation  Command,  Aberdeen  Proving  Ground, 
Maryland  21005 
1  ATTN:  DRSTE-ME 

Commander,  U.S.  Army  Communications-Electronics  Command, 

Fort  Monmouth,  New  Jersey  07703 
1  ATTN:  DRSEL-LE-R 
1  DRSEL-POD-P 

Director,  U.S.  Army  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground, 
Maryland  21005 
1  ATTN:  DRDAR-TSB-S  (STINFO) 

U.S.  Army  Munitions  Production  Base  Modernization  Agency, 

Dover,  New  Jersey  07801 
1  ATTN:  SARPM-PBM-D 

Chief  of  Naval  Research,  Arlington,  Virginia  22217 
1  ATTN :  Code  472 

Headquarters,  Naval  Material  Command,  Washington,  D.C.  20360 
1  ATTN:  Code  MAT-042M 

Headquarters,  Naval  Air  Systems  Command,  Washington,  D.C.  20361 
1  ATTN:  Code  5203 
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Commander,  Naval  Ordnance  Station,  Louisville,  Kentucky  40214 
1  ATTN:  Code  85 

Director,  Naval  Material  Command,  Industrial  Resources  Detachment, 
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Headquarters,  U.S.  Air  Force,  Washington,  D.C.  20330 
1  ATTN:  RDXI 
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Commander,  U.S.  Army  Tank-Automotive  Materiel  Readiness  Command, 

Warren,  Michigan  48090 
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Commander,  U.S,  Army  Armament  Research  and  Development  Command, 

Dover,  New  Jersey  07801 
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Commander,  U.S.  Army  Armament  Research  and  Development  Command, 

Watervliet,  New  York  12189 
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1  DRSAR-IMC 

1  Technical  Library 
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220  7th  Street,  N.F..,  Charlottesville,  Virginia  22901 
1  ATTN:  DRXST-SD3 

Commander,  Rock  Island  Arsenal,  Rock  Island,  Illinois  61299 
1  ATTN:  SARRI-EN 

Commander,  Advanced  Technology  Laboratory,  AMRTL,  Fort  Eustis, 

Virginia  23604 
1  ATTN:  SAVDL-EU-T.AS 

Commander,  U.S.  Army  Mobility  Equipment  Research  and  Development  Command, 
Fort  Belvoir,  Virginia  22060 
1  ATTN:  DRDME-V,  Mr.  E.  York 
1  DRDME-U 

Commander,  Industrial  Base  Engineering  Agency,  Rock  Island,  Illinois  61299 
1  ATTN:  DRXIB-MT 

Commander,  U.S.  Army  Electronics  Research  and  Development  Command, 

Fort  Monmouth,  New  Jersey  07703 
1  ATTN:  DELET-DS 

Commander,  U.S.  Army  Electronics  Research  and  Development  Command, 

2800  Powder  Mill  Road,  Adelphi,  Maryland  20783 
1  ATTN:  DELSD-BC 

Commander,  Harry  Diamond  Laboratories,  2800  Powder  Mill  Road, 

Adelphi,  Maryland  20783 
1  ATTN :  DELHD-PP 
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The  Pentagon,  Washington,  D.C.  20301 
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12  Commander,  Defense  Technical  Information  Center,  Cameron  Station, 

Building  S,  5010  Duke  Street,  Alexandria,  Virginia  22314 

Defense  Industrial  Resources  Office,  DIRSO,  Dwyer  Building,  Cameron  Station, 
Alexandria,  Virginia  22314 
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Headquarters,  Department  of  the  Army,  Washington,  D.C.  20310 
1  ATTN:  DAMA-CSS,  Dr.  J.  Bryant 
1  DAMA-PPP,  Mr.  R.  Vawter 

Director,  Defense  Advanced  Research  Projects  Agency,  1400  Wilson  Boulevard, 
Arlington,  Virginia  22209 
1  ATTN:  Dr.  A.  Bement 

Commander,  U.S.  Army  Materiel  Development  and  Readiness  Command, 

5001  Eisenhower  Avenue,  Alexandria,  Virginia  22333 
1  ATTN:  DRCMT 
1  DRCLDC 

1  DRCPM 

Commander,  U.S.  Army  Aviation  Research  and  Development  Command, 

4300  Goodfellow  Boulevard,  St.  Louis,  Missouri  63120 

1  Am :  DRDAV-EGX 

1  DRDAV-QE 

1  Technical  Library 

Commander,  U.S.  Army  Missile  Command,  Redstone  Arsenal,  Alabama  35609 
1  ATTN:  DRSMI-ET 

1  DRSMI-RBLD,  Redstone  Scientific  Information  Center 

1  DRSMI-NSS 

1  DRSMI-RLM 

Commander,  U.S.  Army  Materiel  Systems  Analysis  Activity, 

Aberdeen  Proving  Ground,  Maryland  21005 
1  ATTN:  DRXSY-MP,  H.  Cohen 

Commander,  U.S.  Army  Troop  Support  and  Aviation  Materiel  Readiness  Command, 
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1  DRDTA-RCKM,  Dr.  J.  Chevalier 
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